eaterie 
ee ee ty Heh Ect 
Sina és 


Welw ange 
Rah Rte ontiy ee 


what 6 mds Nia 


eda inh Oe 
4) are nT Shin Bins 
é 
Pion Sis Baad 

Ma Se Aa 


NR 
iriver 


Nani det 
eK Say * 


YA ted inom 
big meena te ene 


ie AS aA Na 


AM toe itl pe. 


Fedipeaceree eee 

SUH Mite gta pa 

; se ate ses eves : * ea oiey : 

3 eee 4 z 3 . & es - ta Mia uu ‘ 

Aas tice nN Neiealone Fe ina ot Deatahamacresn ieee 
Neer : LAER se peasinrtiaigiaiy oe ie IE: 

we Wis Mca ie Rit 
aa RM gine Shao ge r a ees 
Sa i het” 


oat tn el Bit Ro oe 


Nn Be 


POAC R A Ange. 
Pane Biggie 
Dring toieee ee 
hide oe ne 

pe 


i Rar M Pah 
‘i Hig A oye 

me Say ; zs ssi: a tretsce 
michael ee eT PN A dota, 

Maan Wr ani Talia ae POUR 


[ne PS Phe A ps 


eR cahesty Re, 


ea mata 


Psd wt Pv ae) 
Wade en 


‘ Bs i ; eB 
. et 
SR tata cites » 

rien 


Yee 
eaten 


Ht acta a, 
Saw Say 


i tenets 


eee 
eee 


Soo moe OA a wii iy me tae 5 

c Pia Aa, 2 Sawn 

SINS isa Orci 

prt Perera ec iees 

. : < Mra Hi i 
Shee . 

SEY Sal Mat gues 2 hy, 


eee 
Daiaher, 


ieee Sarin 
aioe 

ulti 6 sas es Chaar 
cian ee 


ss hata, 
POA hatecSa ito 


Shee, 


see 
Monegan eee 


Piety 


Religie atc 


Saturn 


ean awhintiac tne yak, 


Dinara 
Sentosa SIs 2 
ee 


Pipette ee 
CSN ati pt ey, 


Ie 


oA Stn SoM esa, 
au 


PRS Peet. 
mean soe 


ats 


Afra nO al Rrna, 
pan See Ca 


Nit oth arty 


For Reterence 


NOT TO BE TAKEN FROM THIS ROOM 


Gx wenis 
UNIOERSTTATIS 
MIBERTAEDSIS 


; i a 
ee 

rn ay ; 
pee i 
iY eae 
tee 7 


4 ee wea | i } vy i" Wd ; 
- ai yo yr, Ls oe 

i my 7 

Hig oe = i was 
o Gk aati 


t ' 
5 > 

i male 1 7 : 
i _ ay 

iy , 


a ny 
v7 War tgs , * > are 
} f : . 
rr ri 
ihe ¢: ane Pe Bors 5 oh * re nr Zz hi : iy te : 


Pica: he peel ee m4 Lira: COPTER: Nh. CRN 


lage hat) vead\: Sapp 


‘ 
eines 9 ¢? ae (ie. scaeaw al cpat ae 
| ra Mt bth sath | pease py Mb cat B 

Pg thes? Che Dadian wr ests + ee Oe ts 
pe cz ries Ah) Hehervike x 4G? | +i elie 


ert cl ar BAL anion 


. a. 4: pil . 
a ; 
‘ . +7 ud y ; ; - 
y | 
bé ( 
7 ‘ ® »¥ ’ 
id ; 
7 7 . - 


Ap Ye of 


Tey 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Alberta Library 


https://archive.org/details/summers 1981 


THE UNIVERSITY OF ALBERTA 


Translocation Studies of Glyphosate and Picloram in Canada 
Thistle [Cirsium arvense (L.) Scop.] 


by 


ce) Peter S. Summers 


AY THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 
OF Master of Science 
IN 


Weed Science 


Plant Science 


EDMONTON, ALBERTA 


FALL 1981 


Abstract 

The translocation of glyphosate and picloram in Canada 
thistle was investigated using two plant systems, one being 
a 6-week old plant trimmed to possess only a green _ basal 
leaf and an apex, and the second was a i-week old shoot with 
CURCMsOLRatrached. Goot. 

The absorption of picloram by the young leaves of the 
apex waS greater than by the mature basal leaves. No 
difference in absorption of glyphosate by the apical or 
basal leaves was noted. Of the '*C-glyphosate applied to a 
basal leaf of the first plant system, 15 and 4% was later 
recovered in the apex and stem, respectively. The 
corresponding amounts for ‘'‘C-picloram were significantly 
Weweusead 2eangde lwo. weALtervapplication, to the apex of “the 
same plant system, only glyphosate was translocated 
basipetally in significant amounts. Girdling the stem below 
a basal leaf did not significantly alter the subsequent 
GQrSeribution pattern of “*Capicloram after basal sar Yapical 
leaf application. Of the herbicide applied inside a lanolin 
ring on the basal leaf, 4.7 and 1.6% of the picloram and 
glyphosate, respectively, ee retained by the lanolin. 

In the second plant system the translocation of 
Bicloram from “a treated young, shoot to “the roots was 
neguigqible. On the other hand, 4.5% “of the '*C-qlyphosate 
applied to the young shoot had moved basipetally out of the 
shoot into the lower stem and root sections. The amount of 


‘“c}qlyphosate jin “the .root. had peaked 74 hours after 


treatment at approximately 15000 dpm (3.4% of the dose 
applied). 

In a field experiment, ethephon applied 2 weeks prior 
to a treatment of glyphosate increased the control of Canada 
thistle, compared to treatments consisting of glyphosate 
alone, tank-mixes of glyphosate and ethephon and similar 
combinations of ethephon and dicamba. 

Glyphosate was more mobile than picloram in the _ two 
Canada thistle plant systems used in this study. It appeared 
that glyphosate was able to reach plant tissue, such as’ the 
roots of a young shoot, when no apparent major. sink for 
assimilates was present. The Significance of this 
observations Gto., weed@scontrol® tn Othe: afieldliandy Lurther 


research is discussed. 
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1. INTRODUCTION 

Canada thistle [Cirsium arvense (L.) Scop.] is a 
deep-rooted perennial weed which causes serious problems 
around the world. Due to its extenSive creeping root system, 
Canadas’ thistie asadiffincuit to,control. Ther beste controlddof 
Canada thistle will be achieved when herbicides accumulate 
in the roots to toxic quantities. Herbicides that cause 
contact injury or possess poor translocation properties will 
not accumulate in the roots and therefore will not give 
SatisractOnryecontrodm, Herbicudesswithie goods: translocation 
properties, applied at the bud or pre-bud growth stage of 
the thistle, have given excellent control. At these stages 
translocation of assimilate and, therefore, herbicides to 
the roots will be maximal as the plant begins to. store 
carbohydrate reserves. 

The requirement for weed control in the same _ season 
that a crop is seeded can present a problem. Herbicides must 
bertoleratedsaby thescrop)] jife i theyx!t areayvitohebe eapplied' fin 
mid-summer when the thistles are in the susceptible pre-bud 
Stage. The potential to cause crop injury may still be 
present when using selective herbicides at an advanced crop 
growth stage in mid-summer. The use of non-selective, well 
translocated herbicides before the crop is seeded or after 
it is harvested would be ideal for thistle control without 
any crop damage. 

Compared to mid-summer, basSipetal translocation of 


asSimilates and herbicides is less than ideal early and late 


Gas a a Erm , a rif: ‘oe ) 4 
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in the season. Therefore, herbicides which are applied at 
these times should, in order to be useful, be effective even 
though basipetal translocation may not be maximal. Several 
herbicidal properties are required in order for a chemical 
to be effective when applied under less than ideal condi- 
tions. These may include persistence of the herbicide in 
the plant and translocation of the herbicide to all centres 
of plant growth and development. 

Picloram and glyphosate are translocated, intact, to 
all portions of various species. The relative degree of 
their translocation in the xylem and phloem of different 
plant parts 1S not well known. 

The present study waS initiated in order to clarify 
some of these herbicidal properties. In earlier studies of 
herbicide translocation in perennial weeds, intact mature 
plants have been employed predominantly. Perennial weeds 
vary considerably from plant to plant and, therefore, in 
many instances only qualitative data have been reported for 
herbicide translocation. In this study an attempt was made 
SOm limit) sDprant-cLoO-plant variability by 9 using two simple 
plant systems. These systems were the plant source-sink 
system and a previously unreported shoot-root system. 

In the plant source-sink system, herbicide trans- 
location was followed from a basal leaf (source) to the apex 
(sink). In addition, both systems were used to _ follow 
herbicide movement from tissue which normally acts as a sink 


for assimilates to other tissues in the plant. With the 
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shoot-root system it was possible to quantitatively compare 
movement of the two herbicides from the shoot into the root 


tissue. 


2. LITERATURE REVIEW 


2.1 Biology of Canada Thistle 

Canada thistle [Cirsium arvense (L.) Scop.] is a 
perennial weed found in all the temperate climates of the 
world. It was introduced into Canada from Europe in the 17th 
century. It now occurs in abundance in southern areas of 
Canada (102). Recent surveys indicate that infestations of 
ERS Dlant, OCCU oOnese, 2s tana o/7% of the cultivated Jand: in 
Alberta, Saskatchewan and Manitoba, respectively (39, 153, 
154). 

Canada thistle cannot tolerate a lack or an excess of 
water (ar Orzals It does tolerate extremely high summer 
temperatures and it will survive winters where ambient 
temperatures go below -40 C. Under reduced lighting, poor 
stands can be expected ‘CHP 

Four varieties of Canada thistle have been described 
(103). In addition, many variations in morphology have been 
observed (68). These morphologically different 'ecotypes' of 
Canada thistle appear to have differential susceptibilities 
tov herbicides (69, 70,-71, 127). Seeds of Canada thistle are 
viable under a variety of environmental conditions (165). 
Seedlings will quickly develop a tap root which will then 
produce lateral creeping roots. From the creeping roots or 
the original vertical root, rhizomatous shoots will develop 


(102). Seedlings which possess only two true leaves are able 
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to resprout (8%) after clipping (165). The anatomy of the 
root structures has been described in detail (63). 

Once established in a field, Canada thistle is able to 
Peqefierate “from root’ ™=sections. “it "is “this vegetative 
reproduction from root sections that contributes greatly to 
the weedy nature of the species. Seeds are not cited as the 
primary means of spread of this perennial weed (11, 102). 
Working with 10-mm segments of root, Hamdoun (64) found 
that 25% of the segments would regenerate shoots. 
Larger root segments were able to produce shoots’ from 
greater soil depths (64). Canada thistle roots have been 
found at depths of 6 m (102). In addition to its extensive 
vertical growth, this plant can rapidly spread laterally 
er O24 

By competing for moisture, nutrients and light, Canada 
thistle can severely reduce yields of cereal and oilseed 
crops. When dense infestations of Canada thistle were 
controlled, barley and canola (rapeseed) yields increased by 


ever =s00% Clan 142)% 


2.2 Perennial Weed Control 

Despite continuing efforts, perennial weed problems in 
Western Canada have not decreased in the last 30 years (85). 
Estimated losses due to Canada thistle competition in 
Saskatchewan wheat in 1980 were 3.6 to 4.7 million dollars 


(116). A few explanations for the increases in perennial 


weed problems in agricultural soils have been suggested. 

Crafts and Robbins (33) stated in 1962 that "the use 
Stechemicai /weed.scontrol, shas, leds sto, the. ~<reduction,.: of 
preventative weed control measures, such as tillage, 
PeacerOWsClLeaGlod wenODerotatloOne WetCnn. SlMilarnly, wewyrad | 
and Burnside (166) suggest that the increase in perennial 
weeds is due to "pre-emergence herbicide use or _ reduced 
cultivation". Whitwell et al. (163) also agree that the 
perennial weed, horsenettle (Solanum caro/iinense L.), has 
increased due to Similar practices. 

Most perennial weeds possess extenSive underground 
Structures such as tubers, rhizomes, bulbs or roots. These 
underground structures are able to store carbohydrates. 
Stored carbohydrates ensure that there is enough energy for 
new shoots to penetrate through the soil from great depths. 
Once a new shoot reaches the soil surface it is able to 
acquire itsS own energy. 

Arny (8) monitored the root carbohydrate levels of five 
perennial weeds for one season. He found that total root 
carbohydrate levels reached a maximum at the pre-bloom stage 
for Canada thistle, sow-thistle (Sonchus arvensis L.), field 
bindweed (Convol]vulus arvensis Li peeAUStttene fweld.cress 
[Rorippa austriaca (Crantz) Bess.], and leafy spurge 
(Euphorbia esula L.). Welton et al. (162) found that mowing 
Canada thistle shoots before full bloom as compared to any 
other time, gave the greatest reduction in thistle shoots. 


Further control was obtained if thistle regrowth was cut 


every month, but no more often, until a killing frost. This 
practice reduced carbohydrate reserves to levels that were 
detrimental to winter Survival and/or vigorous Spring 
begrowth. This@’type®rof “control method isnot «possible in 
cereal or oilseed crop situations without losing a cropping 
year to summerfallow. 

With the advent of 2,4-D in 1941, selective suppression 
of broadleaf perennial weeds was possible in cereal and 
grass crops. Other phenoxy herbicides such as MCPA, 2,4-DB 
and MCPB followed. These herbicides were able to kill or 
Stunt the foliage growth of perennial weeds if used early in 
the season for annual weed control. Later applications can 
result in mechanical damage to the crop from the application 
equipment, or crop injury can result if the applications are 
applied when the crop is in a herbicide-sensitive growth 
stage. 

DEVinemetss) MreportéeadrathaLonss Gi Cok foliage-applied 
©56-2,42D “was translocated to the roots of Canada thistle. 
Plant tissues metabolize 20G=D Piquickly (35 and, 
consequently, even less than 5% of the unmodified 2,4-D 
would have reached the roots. Furthermore, compared to the 
herbicides picloram and glyphosate, 2,4-D is less phytotoxic 
Onta molar Mbasie? I teispcthereforep mot surprrsingvrto °Sfind 
that phenoxy herbicides such as 2,4-D are unable to give 
much more than top-growth control of Canada thistle. 

Herbicides such as _ glyphosate, picloram, dicamba and 


amitrole are translocated to the roots in lethal quantities. 


Not all of these chemicals can be used selectively in crops. 
Glyphosate, amitrole and picloram alone are used as 
broad-spectrum herbicides either before or after a crop or 
during a fallow year. Herbicides such as 2,4-D, MCPA, 
Gicamba, bromoxynil and mixtures of 2,4-D and _ picloram 
continue to be used in Prairie field crops for Canada 
Ghast lett controle eein legumes, 2,4-DB and MCPB are 
recommended. Atrazine has been used in corn for effective 
season-long suppression of Canada thistle (21). Further 
chemical control of Canada thistle in various crops has been 
attained by bentazon in peppermint [(Mentha piperita (L.) 
Scop.)], benazolin in canola and mustard and recently 
3,6-dichloropicolinic acid in canola (142) and strawberries 
(84). 

The relative success of the above-mentioned herbicides 
in controlling Canada thistle depends to a large extent on 
the environmental and cultural conditions which accompany 
their use (6). 

The growth stage at which the plants are treated is 
also important for successful control. All herbicides, 
including 2,4-D, perform optimally when applied at the early 
flower bud stage (6, 140). Similar to mowing or tillage at 
this growth stage, herbicide treatments will be suppressing 
Canada thistle when its capacity to regenerate is lowest. 

In the greenhouse, Several workers have attempted to 
increase the root bud activity of perennial weeds by trying 


to increase assimilate translocation to the roots. Carson 
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and Bandeen (22) used ethephon in such an attempt. Ethephon 
applied simultaneously with 2,4-D or dicamba was the most 
efficient combination. McIntyre et al. (89) tried to 
increase root bud activity by exposing the root buds to high 
levels of nitrogen nutrition and apical shoot decapitation. 
They found increased translocation of ‘'‘*C-2,4-D to the roots 


under both conditions. 


2.3 Translocation of exogenous and endogenous substances in 
plants 


Plants are able to translocate assimilates from centres 
Chm production  Wsources) to centres of utilization (sinks). 
In addition, plants are able to translocate mineral ions and 
water from root hairs to all other parts. The mechanisms of 
translocation of assimilates, water and mineral ions’ have 
been covered in recent manuscripts (88, 115, 171). 

in, order to, describe, translocation, the® plant is 
usually divided into two basic parts. These are the symplast 
and seal pained The symplast is defined as "the continuum of 
interconnected protoplasts of the plant" (32). The apoplast 
is the "continuum of non-living cell wall material that 
surrounds and contains the symplast". Phloem sieve tubes, 
Sieve elements and companion cells are regarded as_ the 
symplast. Xylem vessels and tracheids as well as 
intercellular spaces are considered as integral parts of the 
apoplast. A plasmalemma that is selective as to the 


compounds which may permeate it, separates the apoplast and 
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symplast. 

Most pesticides, assimilates, mineral ions and some 
endogenous plant compounds are able to move readily in the 
symplast and/or apoplast. Compounds which are able to 
traverse the plasmalemma freely, can be found in both the 
symplast and apoplast at any one time. 

Assimilate translocation is generally believed to be 
from source to sink via the phloem. For example, the results 
of many studies illustrate the movement of assimilates from 
their centre of production in the leaves to metabolically 
active centres in the storage roots and stems and in = root 
and leat apices (6e.:52)°8352059)). 

The assimilates identified in most Studies are 
generally transport sugars (sucrose, galactose-containing 
oligosaccharides, etc.) (56). These sugars are selectively 
retained in the phloem tissue. The expenditure of energy is 
generally believed to be necessary for the loading of these 
sugars into the phloem (114). | 

In studies uSing assimilates produced from '‘CO,, up to 
1% of the labelled assimilates are amino acids and other 
endogenous plant products (113). The amide amino acids 
(arginine and glutamine) are able to move freely between the 
xylem and the phloem (13, 113). This ensures that organic 
nitrogen is CIltecibatedse Punronghout OLE. “planimetrocuboth 
transpiration sinks (mature leaves) and metabolic’ sinks 


(metabolically active young tissue and roots). 
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The translocation of abscisic acid, gibberellins, 
cytokinins and auxins has been reviewed by Ziegler (170). 
All of these compounds have been found in the phloem. Auxins 
move @SiowlysPinomtecelli eto celle raboth’rsacropetalay and 
basipetally, in plants (13). From their centre of production 
in the young tissue, gibberellins are believed to move 
passively in both the phloem and xylem. Cytokinins are not 
transiocatedovini thet plantiitasewreadiiy= cas auxins and 
gibberellins. Cytokinins are produced in the roots and are 
translocated in the xylem to the stem and foliage. They 
appear to have very little phloem mobility. 

Thesuptakesoiamineralpee@ionsteby srootssaoisiethought (to 
require energy, although this is disputed (115). Once in the 
xylem system of the root, mineral ions may move acropetally 
in the transpiration stream. Although initially transported 
inscheixy lem? imanyainordanie onset (Kes eRbemiCsteeNaten Mges} 
Gigs POs SO?- i) fare common] ywioundsinn thet phicem (170). 
Potassium and chloride ions are known to transfer between 
the xylem and phloem quite readily. Whether the other ions 
transfer readily across the plasmalemma or are actively 
transported across the plasmalemma in the mature leaves, is 
NoOce Knowne Pa hewanor ganicesonusemGa* sand, B®”, are not found 
in the phloem (170). 

The movement of pesticides in the plant is analogous to 
the movement of one or more of the natural plant compounds 
already mentioned. The translocation of '4C-labelled 


assimilates and herbicides has been compared in a number of 
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Studies (27,48,50,54). 

Pesticides can be classified into three categories 
according to their translocation characteristics. Chemicals 
that are transported with the transpiration stream and 
accumulate at leaf edges, after being introduced to the 
plant®vida-the®sroots"eor” toliage,-* were’ at’ .one* time” “all 
regarded as apoplastic. It was believed that apoplastically 
transported pesticides did not readily enter the symplast. 
Yet, in order to cross the Casparian strip and reach the 
root xylem, they must enter the symplast. Evidence has been 
presented to show that many apoplastically transported 
pesticides "will “move 'freely”°*firomiethe’ apoplast©- to the 
Ssymplast (43). Since the xylem stream moves at speeds up to 
a hundred times greater than those of the phloem, these 
chemicals will tend to be retained and translocated in the 
transpiration stream (43,156). Edgington and Peterson (43) 
have termed pesticides which move apoplastically in the 
plant, yet are able to cross the plasmalemma into the 
symplast, as pseudoapoplastic. No pesticide has been 
reported to be unable to traverse the plasmalemma, although 
some dyes do possess truely apoplastic characteristics and 
will not traverse the plasmalemma (117). 

The substituted sS-triazines and ureas are examples of 
pseudoapoplastic pesticides. They are transported predomi- 
nantly in the transpiration stream, but have been shown to 
rapidly cross the plasmalemma (117). Since they move in’ the 


transpiration stream, any increase in the transpiration rate 
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will also increase the acropetal translocation rate of these 
herbicides (66,144). 

Pesticides that move in the symplast after a foliage 
application are deemed symplastic. Symplastic pesticides 
will move in the plant with assimilates to metabolically 
active centres. A classic example of a herbicide which moves 
with assimilates is 2,4-D (125). The distribution patterns 
6f='4C-2,4-Diand ‘*@-assimilates are sSimijdar to’ each. other 
in grasses and broadleaved plants, although quantities of 
2,4-D translocated to the roots are generally less_ than 
those of assimilates (110). 

Symplastic herbicides when applied to roots via 
nutrient solution will move in the apoplast. It is also 
possible for them to be retranslocated in the phloem from 
transpiration sinks (55), whereas apoplastic herbicides 
cannot be retranslocated via the phloem. 

A pesticide capable of moving in both the symplast and 
apoplast as well as being able to move freely in both 
directions across the plasmalemma has been called ambimobile 
(118). Glyphosate is ambimobile. It has been shown to move 
in. both the symplast and the apoplast (149). It can also 
leak out of the phloem into the transpiration stream at a 
rate much greater than that of '*C-assimilates (40). This 
free movement of glyphosate in the symplast and apoplast 
ensures that it reaches both transpiration and assimilate 
Sinks throughout the plant. Many other pesticides are 


ambimobile to varying degrees (98). 
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What are the chemical characteristics required of a 
pesticide before it can be considered symplastic, apoplastic 
Or ambimobile? These characteristics are generally not 
known. Crisp (35) has developed the hypothesis that all 
chemicals that are weak acids or can be converted to a weak 
acid in the plant, are symplastic. He reasons that a weak 
acid jecontarninguyaecarboxy lrqpoupsis im dasponspoharyaundisz 
sociated form in the slightly acidic apoplast. In this form 
it is able to diffuse across the plasmalemma that separates 
the symplast and apoplast. Once in the phloem sap with a_ pH 
7.5, the molecule becomes dissociated, hydrophilic and 
unable to pass back through the largely Lipophihic 
plasmalemma. 

Active transport of some symplastic pesticides across 
the plasmalemma cannot be overlooked. If active transport 
does play a dominant role then herbicides, once in the 
phloem, would not be able to reach the xylem without the 
Gxpendi ture=of veneray iby, the «plant sein» additbione\to, that 
required to initially enter the phloem. 

In order to explain the ambimobile nature of the 
Nnematicide; (‘oxamyl, | whichis (not a weak ,acid and has not 
been shown to be actively transported, another theory was 
developed by Peterson et al. (118). This theory suggests 
that the diffusion of a chemical through the plasmalemma 
would be great enough to allow passive permeation from the 
Sieve cells to the apoplast. On the other hand, this passive 


permeation would be small enough to permit phloem 


translocation of the chemical through the plant (156). 
Glyphosate has been shown to possess the properties 
necessary for this slow-diffusion theory (59,98). 

An ambimobile herbicide has the properties required for 
a superior systemic pesticide (43). It can be transported 
out of the treated leaf via the phloem and reach the roots 
and leaf and shoot apices. Apoplastic transport in the xylem 
would ensure that the herbicide reached mature leaves. 
Ideally, all tissue ina treated plant would be exposed to 
an ambimobile herbicide. 

As the translocation of natural plant compounds is 
altered by the environment, so will that of exogenously 
applied chemicals. When assimilate translocation to the 
roots of perennial weeds is greatest, the translocation of 
herbicides is also greatest (53,72). 

Pesticides can affect their own distribution pattern 
ana * translocation “rate*by kitling»or causing injury to® the 
living sieve tube cells in which they are moving. Few 
Studies have been completed in the area of herbicide-induced 
inhibition of their own translocation. Sharma and 
Vanden Born (138) reduced assimilate translocation in barley 
and Canada thistle with picloram. Studies with grape vines 
indicated that picloram and 2,4-D were able to inhibit 
asSimilate translocation (86). In the field, high rates of 
herbicide have resulted in reduced control of regrowth (71), 
probably because the herbicide killed translocation tissue 


ana therefore reduced its own translocation to the roots. 
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Induced stress also can alter normal translocation 
rates and sinks in plants. Dewey (40) created artificial 
Sinks and found both glyphosate and ‘'‘*C-assimilates to 
respond by being translocated to the artificial sinks. Water 
stress and low humidity have reduced the translocation of 
both apoplastically and symplastically transported herb- 
icides (12,111). Other factors that influence transport of 
pesticides in plants are light intensity, temperature, 
metabolic inhibitors and defoliation (89,97,144). Many of 
these may actually exert their causal effect on phloem 
loading .or’ root ©fuptake*™ ds" opposed n'’toe limiting” actual 
BranSport “(387144 7145). 

When performing translocation studies with leaf-applied 
materials on whole plants, phyllotaxy must not be neglected. 
Depending on the phyllotaxy of the experimental plant, 
certain cleaves) etbutberscales, byiruipatsect fons, sérorarwilt 
receive more ‘‘C-labelled assimilates or pesticides than 
GEnersel( 126555 bn elhiseis diem toe ae@emorell direct “vascular 
route between the plant tissues where translocation is 


greatest. 


2.4 Picloram 

Pictoram “4-amino-3,5,6-trichioropicolinis acid) was 
introduced. in the early 1960's ‘for the contro) of 
broadleaved weeds and brush. Many weeds not controlled with 


2,4-D could be eliminated from crop and non-crop areas by 
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the use of this herbicide. Of additional importance is the 
ability of picloram to eliminate or substantially suppress 
various perennial weeds that were formerly difficult to 
control with the cultural and chemical methods available 
(5k 

Due to the persistence of picloram in soil, picloram is 
able to give season-long control of susceptible weeds. This 
persistence has also led to the problem of soil residues in 
Succeeding years. On the Canadian prairies there 1S a 
reported dissipation rate for picloram of 32 to 45% per year 
(78,158) -eineeyearse followings > picloram-application,+ «soil 
residues may cause adverse effects to susceptible crops such 
as legumes, sunflower and canola. In some years, picloram 
soil residues have also reduced wheat yields (78). 

Picloram is not readily metabolized by plant tissue. No 
'4C-picloram was metabolized by Canada thistle, soybeans or 
barleyowathintag periodsofe20edays(i3oy%. Lossaofet¢C-picloram 
through decarboxylation from the leaf surface of the above 
plants was reported to be only 0.5% of the applied dose 
13905 

Abnormalities induced by picloram in plants susceptible 
to) i picloramesincludericallussformation;-adventitious; roots, 
root swelling and epinasty (47). Necrosis can occur on the 
treated leaves. These symptoms are very Similar to those 
caused by 2,4-D. Symptoms induced by picloram appear more 


rapidly than those induced by 2,4-D (133). 
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The mechanism of selectivity and mode of action of 
picloram are believed to be similar to those of other 
auxin-like herbicides. Malhotra and Hansen (94) found the 
Quantity of RNA, DNA and protein to increase in treated 
plants. Later studies proved these changes to be due to 
increased cell division and RNAase and DNAase activity 
(122). Similar biochemical changes have been observed after 
treatment with 2,4-D (9). 

Meristematic activity in the procambium of ironweed 
(Vernonia baldwini Torr.) increased until the primary phloem 
was obliterated (133). Such phloem destruction after treat- 
ments of picloram has also been observed by other research- 
ers (47,82). 

The destruction of the phloem may explain the _ reduced 
translocation of picloram to roots of perennial weeds as 
comparedatoecr4-De (60) Si ltemay absohexplain wehe kinhibition 
of 44C-assimilatestranslocation to: therroots tafiten piclonam 
treatment of grapes (86) and Canada thistle (138). In 
comparison to the phloem the xylem is relatively unharmed by 
piceoramit82)% 

Picloram may enter a plant either by root uptake or by 
foliar or stem absorption. The foliar absorption of picloram 
was slightly less than that of 2,4-D amine in aspen poplar 
(Populus tremuloides Michx.) (137) and Drummond's goldenweed 
[Isocoma drummondii (T. & G.) Greene] (99). Under optimum 
leaf uptake conditions (for example, with high humidity and 


surfactants addedeetonetheusetreatment solution) or with 
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increased time this difference was reduced (136). The uptake 
of picloram by Canada thistle was 16% of the applied dose 
within 24 hours (136). 

Once taken up by the leaf tissue, picloram will move 
out of the treated leaf to the remainder of the plant. In 
Canada thistle and barley, Sharma (135) observed that up to 
35% of the applied dose was translocated out of the treated 
featrin’2odays. WWithiny2¢chours#of applyingeipicloram #t0i"*a 
source: (leaf,@1tvewas' “found! distributed throughout’ Canada 
Senvetlelplantselis6).. tRapids stranslocation® ofm = pictoramvein 
plants has also been noted by other researchers (17,65). 
Picloram translocation was greatest at a temperature of 29 C 
in combination with long days (121), remained unchanged with 
the addition of ammonium sulphate to the spray solution 
(164) and was reduced under extreme moisture stress (101). 

Translocation of picloram to the roots has been noted 
as one of the necessary factors for perennial weed control. 
The translocation of lethal quantities of picloram to _ the 
Toots offCanadatthistlemnasmbeens observedi(165, 73600 8Simi lar 
observations have been made for field bindweed (3), huisache 
[Acacia farnesiana (L.) Wild.] (17), skeleton weed 
(Chondrilla jJuncea L.) (60) and Drummond's goldenweed (99). 

The tissue concentration of picloram necessary for root 
kill has been estimated to be 0.3 ppm on ae fresh weight 
basis (17). Even with picloram-induced destruction of the 
phloem, these minute quantities of picloram were able to 


reach the roots of skeleton weed (60). 
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The root uptake and translocation mechanism of picloram 
has been reported to be a complex combination of physical 
and metabolic processes (107). Gaudiel and Vanden Born (55) 
have shown that in young soybeans approximately half of the 
Picloram which accumulated in the apex arrived directly via 
the stem xylem from the roots. The other half was carried in 
the transpiration stream to the mature leaves and was then 
re-transported in the phloem to the metabolically active 
apex. Crafts and Yamaguchi (34) have stated that the ability 
of a foliage-applied herbicide to cross the membrane between 
the apoplast (xylem) and symplast (phloem) is related to its 
aDLLiLEy a etogpent bluse fromemthe rootev@eebess. thageed. 540 of 
foliage-applied picloram was exuded from roots of Canada 
thistle (136) and skeleton weed (60). 

Picloram mobility in plants can be attributed to some 
of its chemical properties. Picloram has a low pKa _ value 
(378) @fandaeuSe avweakeacids characteristics ethat iare tneeded 
for phloem mobility according to the Crisp weak acid theory 
(35). In other studies, picloram was found to leak out of 
potato tuber tissue at rates similar to those required to 
fit the Edgington-Peterson slow-diffusion theory for ambimo- 
bidity i152): 

In Summary, picloram will move in the symplast, 
apoplast, across the membranes between the symplast and 
apoplast and will subsequently become distributed throughout 
the tissues of most plants (46155 x These are 


characteristics of a successful ambimobile herbicide. 
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2.5 Glyphosate 

Glyphosate [N-(phosphonomethyl)-glycine] has been used 
successfully and extensively since its introduction as a 
broad-spectrum, post-emergence herbicide in the early 
1970%s), 

Residues of glyphosate in the soil are practically 
negligible (44,147,148). In most instances, fields may be 
Sprayed immediately prior to crop emergence without phyto- 
Goxrveity ~“toweehe@ecrop.~«Rapideinactivation: in @the sori Chas 
beensvattributed@sco thes *binding’ -of <gqlyphosate™ to clay 
particles and ferric, ferrous and aluminum ions (30,67,148). 

Glyphosate has shown no detrimental effects on a 
variety of water and soil flora and fauna (30,96). Indeed, 
after glyphosate is bound to soil it is quickly degraded in 
the VSo0vl  Peovecarbone dioxide Mehrough thetactron oftmiero- 
organisms (108). 

Glyphosate demostrates very little selectivity between 
plant species. Consequently, glyphosate provides excellent 
control of a vast variety of weeds, including deep-rooted 
perennial plants (15,28,36,37,44,58,169). The weed control 
obtained with the use of glyphosate has repeatedly been 
reported tow be S@superror to’ sthat*vobtarned™ with other 
herbicide treatments (45,112). A few perennial plants that 
show some tolerance to glyphosate are leafy spurge, field 
bindweed, field horsetail (Equisetum arvense L.), hemp 
dogbane (Apocynum cannabinum L.) (166), Norway spruce (Picea 


abies L.) and Scotch pine (Pinus sylvestris L.) (87). 
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Leafy spurge tolerance has been attributed to less 
retention of the herbicidal spray by the foliage of this 
plant (58). Similar conclusions have been drawn for field 
horsetail tolerance to glyphosate (36). Alternatively, 
inadequate translocation has been cited for the incomplete 
control of field bindweed (128). 

Marginal selectivity in some crops has been attained 
Wath carefully timed “applications °(37;,74,95, 143). - Further 
selectivity has been acquired with the use of novel directed 
application methods (7,16,92) that take advantage of the 
unique translocation properties of glyphosate. From a single 
application site, glyphosate will translocate throughout the 
plant in lethal quantities. 

Except in the special cases mentioned above, selective 
use of glyphosate in crops has not been possible. Therefore, 
the control of perennial weeds in cropland must be completed 
before the emergence of the crop (168), immediately before 
harvest (10,109) or after harvest (37). When glyphosate is 
applied before crop emergence or after crop harvest, the low 
vigour or inadequate growth of the target plant may limit 
Control} 

Sprankle et all @(149)P9first® reported fon®¥the? trans= 
location of glyphosate to metabolic sinks of the shoot apex, 
leaf blade apex, root tip meristem, storage roots and tubers 
and root and leaf buds. Many later reports also have 
acknowledged these translocation phenomena of glyphosate 


(14,28,45,76,87,95,128,131,166,169). Most researchers agree 
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that for glyphosate to reach the metabolically active 
centres it must move in the plant symplast. 

In addition, however, autoradiographs showed the 
occurrence of glyphosate at leaf margins (14,58,87,149,166). 
This is indicative of apoplastic transport (106). 

TranSlocation rates for glyphosate are high. Glyphosate 
was translocated to the roots of common milkweed (Asclepias 
syriaca L.) at rates up to four times greater than those of 
2,4-D (166). Devine (38) found 2,4-D less mobile than 
glyphosate in Canada thistle. Four hours after treatment, 11 
and 52% of the applied glyphosate was found in the roots of 
reed canarygrass (Phalaris arundinacea L.) and creeping red 
fescue (Festuca rubra L. var. rubra), respectively (95). 

Attempts have been made to stimulate root bud activity 
of perennial plants with the expectation that the flow of 
asSimilates to the roots will increase. Consequently the 
transport of herbicides to the roots would also increase 
(22 °04425) leeuneone yeanbnOtesresulLns, Serene tank- 
mixed with glyphosate, reduced Canada thistle regrowth 19% 
more than glyphosate alone (80). Whether these results are 
due to increased leaf uptake or penetration of glyphosate or 
whether the plant growth regulator actually stimulated root 
buds and subsequent glyphosate translocation is unknown. 

The growth stage at which various plants are treated is 
important! tossthe sultimate sscontrol,,.of.,the-eplants. When 
assimilates are translocated from the roots to the shoots in 


the spring little or no glyphosate will be translocated in 
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the opposite direction to the roots. Increased perennial 
weed control with foliage-applied herbicides has been 
observed at growth stages when assimilates are being 
translocated to the roots. This appears to be the 4 to 5 
leaf stage in quackgrass [Agropyron repens (L.) Beauv.] 
(28,48,50,124) and the late bud stage in Canada thistle 
Say g7740ds 

The absorption and translocation of glyphosate from 
foliage has been reported to reach a maximum after 3 days 
for hemp dogbane (131), hedge  bindweed (Convolvulus 
sepium L.), field bindweed and Canada thistle (128). No data 
have been reported to indicate when foliar absorption in 
plants is complete. It is possible that absorption continues 
until the treated foliage becomes chlorotic and necrotic 
(131). Foliar absorption was greater from the upper leaves 
of hemp dogbane than from the lower leaves (131). These 
younger leaves probably have less hydrophobic epicuticular 
wax and, therefore, glyphosate absorption would be greater 
from their surface. 

Compared to other herbicides, glyphosate absorption has 
tended to be less in various plant species (131). This is 
probably due to the greater hydrophilic nature of 
glyphosate. The fairly polar molecules of glyphosate would 
encounter considerable difficulty in crossing the largely 
hydrophobic leaf waxes (130). The use of surfactants with 
glyphosate has increased leaf uptake and glyphosate activity 


in several plant species (58,75,90). 
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Several environmental factors have been reported to 
increase or decrease the activity of glyphosate in many 
plants. Most of these studies did not partition the portion 
of increases or decreases of toxicity due to absorption or 
translocation. Toxicity does increase with greater relative 
humidity «(26,58;75,90)0 Bye “analyzing \ethe | amount? srof 
'4C-glyphosate remaining on the leaf surface, Gottrup et al. 
(58) and Jordan (75), concluded that absorption had signifi- 
cantly increased under high humidity. Several authors have 
reported increased quantities of ‘'*C-glyphosate in roots and 
rhizomes distant from the treated leaf under high humidity 
(26h 50 Lor OOMI GS) 

Decreased activity has been correlated with moisture 
stress in the treated plant (4,26,90,104). Chase and Appleby 
(26) concluded that translocation, and not absorption, was 
decreased under moisture stress. 

Lack of light has been deemed responsible for delay in 
glyphosate activity (2). Furthermore, the presence of light 
has improved the translocation of glyphosate to the roots 
(16% Onethe totherghandpitootmuch lighte(75ekluxtcompared to 
50 klux) has been found detrimental to the _ basipetal 
translocation of '*C-glyphosate in hydroponically grown hemp 
dogbane (131). High light intensities could cause increased 
necrosis and ultimately decreased glyphosate absorption 
iSids). Alternatively, light energy could increase active 
uptake of glyphosate (163). Since glyphosate is believed to 


move mainly with assimilates in plants any increase in 


4s. et 
Adal 


aie ada ae 


rireee ey i. gre 


¢ 
aA 
¥ 
i 
\  & 
' 
J ‘ 
. = 
ee ~ 
1 ow ons 
me 
= ¥ 
a Oo 4 


vise ai < 


t? 
w 
wv 
7 

? 

oo 

= 

{js 

= 
- 


ct fas my z iat a 


26 


mobile assimilates through increased light energy could al- 
SO increase the translocation of assimilates and glyphosate. 

Temperature can also vary the efficacy of glyphosate. A 
temperature of 35 C has been found inhibitory to glyphosate 
activity. Such inhibition was greater when relative humidity 
was low and surfactant was not included in the = spray 
solution (289-7 5:19 05.911) & The extent of ‘'*C-glyphosate 
absorption and translocation under different temperatures 
has not been consistent (75,91). Evans (44) has stated that 
colder weather may slow down initial glyphosate phytotox- 
icity, but regrowth control may improve. 

There have been some unaccountable observations with 
regard to glyphosate translocation. In studies involving 
Canada thistle, Gottrup (57) found that some shoots along a 
section of root were by-passed while terminal shoots 
contained up to 6% of the total ‘'*C-glyphosate applied to 
the plant. Claus and Behrens (28) observed a_e similar 
phenomenon in quackgrass. These studies could simply 
illustrate that the buds proximal to the mother shoot are 
under the apical dominance of the mother shoot. Those shoots 
distal from the mother shoot may have been released from 
apical dominance. The distal buds and shoots which have 
escaped apical dominance will receive assimilates and, 
therefore, herbicides from the mother shoot. This assimilate 
supply Wael continue Unit they develop their own 
independent nutrient supply. Apical dominance studies on 


aspen poplar roots have indicated similar conclusions (129). 
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Unlike soil microbes, plants are unable to break down 
glyphosate quickly. Metabolism of glyphosate in the 
following species has been reported to be negligible: Canada 
thistle and leafy spurge (58), purple nutsedge (Cyperus 
rotundus L.) (169), common milkweed and hemp dogbane (166), 
tall morning glory [Ipomoea purpurea (L.) Roth.] and field 
bindweed (128), creeping red fescue and reed canarygrass 
Cob. 

In 1972, “Jaworski= (73) claimed “that alyphosate: inhi- 
bition of Lemna gibba 1 and Rhizobium japonicum 
(Kircher) Buchanan was partly alleviated by the addition of 
phenylalanine and tyrosine. Many later reports have verified 
that the addition of phenylalanine and tyrosine can 
alleviate some or all glyphosate inhibition (61,62,134). 

In general, glyphosate appears to slow down several 
metabolic processes, and increase the breakdown of 
imrrace lLulanw sulivaceructures: 0205449 157), syet mate has no 
known effect on the permeability of membranes (19,49,123). 
It is also undoubtedly involved with aromatic amino acid 


biosynthesis or metabolism (42). 
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3. MATERIALS AND METHODS 


3.1 Plant Material 


3.1.1 Whole Plant Studies 

Canada thistle shoots were propagated in vermiculite 
from COOt  -CUCctTIngS «taken “Originally from one ‘plant. Root 
cuttings were transplanted into an unsterilized clay-loam 
soil:peat (4:1) mixture. They were then grown for 6 to 8 
weeks in the greenhouse. The greenhouse daylength was 
exXuenCedm COs, OmenOunse Wren) SO) sEsm. 77S 7 (Of Marti picial 
lighting from fluorescent and incandescent lamps (measured 
with a Li-Cor quantum meter, Model Li-185; Lambda Inst. 
Corp., Lincoln, Nebraska.) 

One week before herbicide treatment, plants were trans- 
PeErred tO raromowchmcabsnetuwithras yG-nour) day, zoe day, 
JisCranighiteand aemphRovon flux idensizy) (of ~ 2207 QuE.m:?.s-* 
Supplied from fluorescent and incandescent lamps. One _ day 
poLor to treatment, plants were trimmed to ae simple 
source-sink system consisting of a green basal leaf and the 
apical shoot (Figure 1). Plants in bud were not used. Within 
each replicate, plant sizes were similar and the number of 
leaves removed between the basal leaf and the apex was 


constant eS togizuileaves) . 
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3.1.2 Shoot-Root Studies 

Long sections of root (30 to 40 cm) were obtained from 
10 to 20-week old plants, grown in the greenhouse. These 
sections were pruned of all secondary roots and buds and 
placed in a_ shallow tray of vermiculite for 1 to 2 weeks. 
When shoots appeared, roots were cut into 20-cm segments 
with the newly emerged shoot at the end proximal to the 
former mother shoot (Figure 2). Replicates were made up from 
root segments of Similar size. Roots were placed at a depth 
of 5 cm in vermiculite in shallow trays. Future references 
to "shoot" with regard to all shoot-root experiments, denote 
all the leaves and apex with their attached stem. Similarly, 
references to "lower stem" denote the vertical stem tissue 
from the horizontal root to the lowest leaf. This lower stem 


usually was 5 to 7 cm in length. 


3.2 Radioactive Chemicals 

Radioactive N-(phosphonomethyl)glycine ('*C-glyphosate; 
specific activity 426 kBg/mg) was obtained from Monsanto Co. 
(St. Louis, Missouri). It was labelled at the carbon atom 
adjacent to the phosphorus. The parent acid was converted to 
the monoisopropylamine salt, by the addition of isopropyl- 
AMine Vaitnweyeein Ley ve tabio. Theesealt waSseapiuced with a 
commercial formulation of glyphosate (Roundup) and 
sterilized water to produce a treatment solution for the 


whole plant studies with a radioactivity of 370 Bq/ul and a 
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Figure 1. Canada thistle source-sink plant systems used 
in Experiments 3.3.1 


FldguUner 2 Canada thistle shoot-root plant system used in 
Experiments 3.3.2 


gui 


glyphosate concentration of 5.2 ug/ul. The radioactivity of 
the treatment solution for the shoot-root studies was 170 
Bq/ul with a glyphosate concentration of 2.4 ug/ul. 
Radioactive A -aminouor oon tc oent OlOpColLiInac acid 
({26-picloramatepecificatactivity:| S3eixed0rakBba/ma and 158 
kBq/mg) was obtained from Dow Chemical Co. (Midland, 
Michigan). It was labelled at the carboxyl position. The 
Original 99% pure crystal was dissolved in 95% ethanol. The 
final treatment solution for the whole plant studies had a 
Paci Oactivit yocte 379) Bq/Ul andvav picloram) 'concentrationatot 
2665) ,,UG/Ulee = The@et Feacmentstsolutionurfor® thea) shoot root 
experiments differed in that the picloram crystal was 
dissolved in 70% ethanol and mixed with a commercial 
formulatwvonwsotw pictoram (Tordon 22K) to a picloram 
concentration of Zee ON CLS This solution had a 
madwoectavity .of 670 SBQ/U1%, AtplUs@laqary vadjyuvantiete3% 
paraffin oil and 17% non-ionic ethoxylated ester surfactant; 
Atkem: kiGine.tl/ Brantford go0ntaerio) Bwas Padded (ee) both 
treatment solutions to a final concentration of 0.7% v/v. 
Barium **C-carbonate with a®specific’ activity of 940 
kBg/mg was purchased from New England Nuclear (Boston, 
Mass.). Two mg (1.88 x 10° kBq) of Ba'‘C0O; powder was placed 
in a 20-ml glass vial. The vial was then placed inside an 
airtight assimilation chamber. Carbon-14-labelled carbon 
dioxide was generated by introducing 3 ml _ lactic acid 
through a stopcock. A small fan inside the assimilation 


chamber assisted in circulating the '‘CO,.. 
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3.3 Treatment of Plant Material 


3.3.1 Whole Plant Studies 

POSENeCS DaSalmleat Or apex ssorapeacheasplant, 20esUL “ob 
herbicide treatment solution (7.6 kBq picloram or 7.4 kBq 
glyphosate) was applied. The treatments were applied at hour 
Ge,0£ .a tl6ahour dey. The basalvleafi, application was to the 
midvein inside a lanolin ring. The apex application was to 
the oldest leaves in the apex. A lanolin ring was not used 
for the apex application. The treated tissue (apex or basal 
leaf) was enclosed in a plastic bag for the duration of the 
experiment to increase the humidity. After harvest, plants 
were divided into the tissues to be analyzed. All harvested 
tissue was weighed fresh. 

The treated foliage, apex or basal leaf, was rinsed 
With. 50 .OrgOs tml, Of f¥SoOlventimerespectively. Ad thimersol 
antibacterial solution [1 g thimersol (sodium ethyl mercuric 
thiosalicylate)/ L distilled water] and 95% ethanol were 
used as solvents for glyphosate and picloram, respectively. 
Aliquots of the leaf rinses were taken immediately and 
assayed by liquid scintillation spectrometry. All plant 
tissue was stored in a freezer at -15 C until extracted or 
freeze-dried and combusted. Lanolin rings were removed from 
leaves after the tissue was frozen. 

In the whole plant studies with '‘*C-assimilates, only 
basal leaves were exposed to '‘CO,. This was accomplished by 


inserting the basal leaf through an opening in a 
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12 x 12 x 24 cm plexiglass assimilation chamber. The chamber 
was located in a fumehood under incandescent lamps that 
produced=a, pnovone tux tdensity ofr Z00= "UR .m 2.S>"% 

Twenty-four hours prior to ‘'*CO, release, leaves of 
three new plants were introduced into the chamber and the 
chamber was sealed around the leaf petiole with MTerrostat 
caulking (Terosan GmbH, Heidelberg, Germany) and vacuum 
grease (Dow Corning Corp., Midland, Michigan). The beginning 
Sree. COW Gueteaserrcorrespondedetomhour) 6 of al 16=houreday: 
Plants were allowed to photosynthesize in the i COG 
atmosphere for 3 hours. The chamber was then flushed through 
4N KOH traps for 2 hours. The plants were carefully removed 
from the chamber, rinsed with water, and placed in the 
growth cabinet used for the herbicide treatments. The three 
plants from each treatment period were subsequently 
harvested at three different times. Harvested plants were 
separated into the tissue to be analyzed in a manner similar 
to that for the plants treated with herbicide. 


3.3.1.1 The Absorption and Translocation of ‘'*C-glyphosate 
and ‘'‘C-picloram from Basal and Apical Leaves 


Using the whole plant source-sink system, the uptake 
and subsequent translocation of :4¢¢-prcloram and 
'4C-glyphosate was studied from the basal leaf and apical 
leaves. Plants were treated with 20 ul of the treatment 
somutvonssi?:4: kBamg0?7 \¢mee glyphosate: BateeukBq, 0205 omg 
picloram). The experiments were repeated once with five 


replicates each time. The two herbicide treatments were 
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completed at different times. 

Plants were harvested at 1, 3 and 7 days after treat- 
ment. The plant parts analyzed for '‘*C-activity included the 
treated leaf wash, apex, basal leaf and intervening stem. 
Dueeco the drtiiculty in separating ally ithe roots) from) the 


Soll, roots weve not examined for “*C—activity. 


3.3.1.2 Basipetal Transport from the fee 

From this experiment an assessment of the amount of 
‘*#C-herbicide translocated Out SOL @a treatedaliiapex eto 
different portions of the plant stem could be made. Five 
replicates VoftOuplants treated withe?20"Gg1 ALC-pickorameor 
‘4C-glyphosate treatment solution were harvested 3 days 
after treatment. Tissues analyzed for radioactivity were the 
apical leaves (with no leaf rinse), the basal leaf and _ the 
intervening stem divided into three equal parts. 


3.3.1.3 The Translocation of ‘'‘C-assimilates from a Basal 
Leaf Exposed to '‘CO, 


The Pico: treatment methods are described under 
radioactive chemicals (Section 3.2). The tissues analyzed 
for radioactivity in this experiment were the same as in 
Experiment 3.3.1.1 except that the lower stem (soil level to 
basal leaf) was also analyzed for radioactivity. Plants 
esposed to '‘CO, on the same day were harvested at different 
fines; Oviz. Wes anday daystafterms*cOse \exposures 


3.3.1.4 The Effect of Girdling on Acropetal and Basipetal 
Translocation 


=” 


+ 1.8 
j 
j 
i 
a) i 
vi ra 
ge 
ti 


aya 
oat 
Pa i haa A 


iy 


35 


By steam-girdling the stem below the basal leaf, the 
Sink in the roots for assimilate and herbicide originating 
in the basal leaf or apical leaves would be removed. By 
comparing the girdled plants to plants in which the stem was 
nourgindledtescthervertect, +of, removing the root” “sink on 
basipetal and acropetal movement of the herbicide in the 
plant could be evaluated. 

Twenty ul ‘'*C-picloram treatment solution (3.6 kBq) was 
applied to the apical leaves or basal leaf of each 
source-Sink plant system. Half of the plants were 
Steam-girdled on the main stem below the basal leaf. There 
were five replicates in the experiment. All plants were 
harvested 3 days following treatment and _ the tissues 
analyzed for radioactivity were the leaf washes, the apex, 
the basal leaf and the intervening stem. 


3.3.1.5 Translocation of Non-radioactive Chemicals Past a 
Petiole Girdle 


A girdling experiment was also completed using 
non-radioactive fer ote Plants were trimmed to a basal 
leaf and an apex as in the preceding experiments. There were 
four replicates. Herbicides were applied inside a lanolin 
ring on the basal leaf. Treatments included an_ untreated 
control, picloram, and glyphosate, on plants with the basal 
leaf petiole intact or steam-girdled. Herbicide treatment 
solutions were made from commercial formulations. The 
concentrations of the treatment solutions were 2.88 mg ai 


glyphosate/ 40 ul and 1.56 mg ai picloram/ 40 ul. Girdling 
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of the basal leaf petiole and the application of the lanolin 
ring was done 1 day prior to the herbicide treatment. Plant 
mutilation was completed 2 days before treatment. Filter 
paper was placed beneath treated leaves to prevent 
subsequent soil contamination. 

Observations were taken throughout the experiment. The 
degree of chlorosis and necrosis on all plant leaves was 
noted. Four times during the experiment the number of 
leaves, greater than 4 cm in length, present inthe apex 
was recorded. After 22 days, plants were harvested and fresh 
and dry weights of the apical leaves and their adjoining 


Stem were taken. 


3.3.2 Shoot-root Studies 


3.3.2.1 Shoot-root Mutilation Studies Involving a Series of 
Doses of Glyphosate and Picloram 


Experiments using the shoot-root system were initially 
conducted using non-radioactive herbicides. In these exper- 
iments, shoots were treated with a series of herbicide doses 
and observations on the ability of the herbicide to prevent 
further shooOrvand root growth™were taken. There” "were “four 
replicates of all treatments. 

Treatment solutions of picloram and glyphosate at 
Goncentratrons of 07 0.5, 1.0, 2:0, and 5.0 mg ai/100U) were 
applied to leaves of the young shoots. These solutions were 
made from commercial formulations of glyphosate (Roundup) 


and picloram (Tordon 22K). For each treatment combination 
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plants were divided into two equal groups. Shoots were se- 
vered from the roots on day 1 for the first group and on day 
3 for the second group. From the experiment the affect of 
herbicide dose and the time required for a lethal amount of 
herbicide to be translocated into the root tissue could be 
observed. Roots were considered dead if they were rotted. 
Observations were taken up to 30 days following treament. 


3.3.2.2 Translocation of Shoot-applied ‘'‘C-glyphosate and 
'4C-picloram into the Root Tissue 


The three largest leaves of each shoot were treated 
with 20 Ul ‘of “treatment solution containing 0:.045' mg 
glyphosate (3.4 kBq) or 0.04 mg picloram (7.4 kBq). A sheet 
Of plastic covered all treated plants in order to obtain a 
high humidity. The glyphosate and picloram treatments were 
not completed at the same time. 

The experiment was conducted in order to follow the 
movement of both herbicides into the root over a period of 8 
days. Plants were harvested at 2, 6, 26, 30, 74, 98, 146’ and 
194 hours following treatment. Harvested plants were divided 
into the shoot and the lower stem and the root was divided 
into three equal parts, RT1, RT2, RT3, with RT3 being distal 
to the stem and shoot. Treated leaves were not rinsed at 
harvest. All separated plant tissue was frozen at -15 C 
until extraction. 


3.3.2.3 Effect of Shoot Size on Herbicide Translocation into 
Root Tissue 


It was of interest to determine whether the size of the 


above-ground shoot head any effect on the amount of 
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shoot-applied herbicide translocated to the roots. Small 
shoots were 3 to 5 cm high with 4 to 6 leaves. The larger 
shoots were 6 to 13 cm high with 8 to 14 leaves. The larger 
plants were 4 weeks old, compared to 1 week for the smaller 
plants. Plants were treated with 0.04 mg picloram (7.4 kBq) 
or 0.048 mg glyphosate (3.4 kBq) and harvested 3 and 9 days 


following treatment. Fresh weights of the shoots were taken. 


3.3.3 Retention of Herbicides by Lanolin Rings 
Tneoprabtbupyemot ee planolin eloreretain etehe herbicides 
glyphosate and picloram was examined. Lanolin was removed 
from the frozen leaves of plants in Experiment 3.3.1.1. The 
rings were placed in 50-ml beakers and dissolved in benzene. 
After the benzene evaporated, lanolin remained on the bottom 
as a thin layer. This lanolin was redissolved in 10 ml 
benzene. Aliquots of benzene-dissolved lanolin (1 ml) were 
Guiekiye@added@ to lSemitot TEEPP) fluor andvcounted by liquid 
scintillation spectrometry. There was no attempt made to 


TAecnVELoyeLnescompoundseaccountingmror the ‘“*¢€ractivaty. 


3.4 Determination of Radioactivity in Plant Tissues 


B44.) **C=qlypnosate 
All plants treated with ‘'‘C-glyphosate were analyzed 
for '*C-compounds in the same manner. Tissué was ground in 


an Omnimixer (Ivan Sorval Inc., Newtown, Conn.) or a 
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Polytron (Brinkman Inst., Rexdale, Ontario), depending on 
the samount! of Ptssue sto*vbe ground, twrthd20ctoPsO0l mb of 
thimersol solution. Ground tissue was shaken for 3 hours and 
then centrifuged at 520g for 30 minutes in graduated 
centrifuge tubes. Aliquots (1, 2 or 4 ml) were added to 15 
ml of Aquasol, a xylene-based scintillant (New England 
Nuclear). 

The extraction procedure was 88.2 + 3.1% (sx) efficient 
au, erecoveringps' #Cractivityneinom!) plants etreatedd Spidays 
previously. Radioactivity in the residue material was 
negligible weThismwasitested sbyscomparrng; the 2+4C-activityein 
the aliquots of supernatant to the '‘’C-activity remaining in 
known volumes of residue (the residues were freeze-dried and 
then combusted; see Section 3.4.2). The correlation between 
these two values was 0.951 and was significant (p=0.01). 

The metabolism of ‘'‘C-glyphosate in plants has been 
reported to be negligible (38,58,131). This was confirmed in 
the present study by two different procedures of thin-layer 
chromatography. Pooled extracts from the stem, apex and 
basal leaf following basal leaf treatment and the apex 
following treatment of the apex were filtered, freeze-dried 
and redissolved in a small volume of distilled water. Plates 
were spotted with 50 ul of the concentrated solutions. 

The ethanol eluant for procedure one is described by 
Sorankleset alel (iso) fysolventetsystenvel . el tyewaseenunweton 
plastic-backed cellulose 13255 plates (No. 6004, Eastman 


Kodak Co., Rochester, New York) for 3 hours. The phenol and 
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semi-stench eluants for procedure two are described by 
Putnam (120). Plastic-backed plates tended to dissolve in 
the phenol eluant. Consequently, glass plates were prepared 
from Cellulosepulver MN 300HR at 250 um (Brinkman Inst.). 
Plates were developed for 5 hours in the phenol eluant, 
allowed to dry 24 hours, then developed for 3 hours in the 
second direction with semi-stench eluant. 

Developed plates were sprayed with ninhydrin solution 
G0zs gain J00emItr-butanol and 3 mlvacetic acid)wand@ placed 
inegaw HO0eeG Bovens, tor ©3° minutes. /Amino=-ninhydrinacoLlour 
complexes were marked and the plates were allowed to cool. 
Subsequently, plates were sprayed with Hanes’ reagent 
(ammonium molybdate-acid solution; see Krebs et al., 81) for 
the detection of phosphate esters. Amino and phosphate ester 
colour complexes and their Surrounding areas were scraped 
from the plates. Cellulose powder was analyzed for 
'4C-activity after shaking and centrifuging according to the 
method of ‘*C-glyphosate extraction from plant tissue. 

Over 95% of the '*C-activity recovered from each plate 


corresponded to unaltered '*C-glyphosate. 


324328 2 C=p1Ccloram 

The plant tissue from '‘C-picloram treated shoot-root 
plants was analyzed by extraction whereas whole source-sink 
plants were analyzed by combustion due to problems with 


chlorophyll quenching (see Section 3.5). 


Dae 
0G. a Ay iy a 2s 


bas soe Ae ‘2 a98 rranias i ‘ae 
} ; a io : 


* 
‘he ; = : 
- Te 4 ee 4 - 
{ 
&\ F) 
‘ ie F 
( _ é 1 391 
25th: 
' 
ry . § 
{ & Ae ou a ey 
‘ " } ‘a 
¢ { 
r 3 { 
‘ j Jae | # 
7 
ih be - al , 
f rPbiit 
bs é 
vi 2 
i] 
~ Me > 7 pet hee] —s 
Li 
rence ee P », ~*Pe*® yt 
a cot - i ey ‘ ’ 
i > 
* - 7 Haws 7 - A t - 
‘* « 4 me ei Q eee 
a 
7+ = 
¢ 


antes 


L mu ie mt 


‘badeeqw  mesolsdgear, naxtsuead 3 a iat 


A Veh evann ry 
v * ‘A * ‘: 
22 —plOtW aeeteae MeL ISesoR 
, a, 1 
Ce GT a ie Woe et 


4) 


Frozen tissue from the source-sink plants was loosely 
wrapped in aluminum foil and freeze-dried in a Virtis Model 
10-147 freeze-dryer (Gardiner, New York). Freeze-dried 
tissue was carefully compressed in a pellet press (Parr 
Inst. Co., Moline, Illinois). The pellets were placed in 
combustion boats made from ashless filter paper. Large 
Samples were made into two pellets that were combusted 
Separately. The tissue samples were combusted ina Tri-Carb 
306 Sample Oxidizer (Packard Inst. Co., Downers Grove, 
Illinois) for approximately 1 minute. Carbon-14-labelled CO, 
was trapped and counted in 20 ml of Carbosorb:Permafluor V 
(aert| 3) Packard last. Co.) 

The efficiency of ‘'*C recovery by the oxidizer was 
96.3 + 0.9% (sx). Crossover of counts from one sample to the 
next was less than 2%. In order to minimize crossover, 
Samples of similar ‘‘*C-activity were combusted consecu- 
tively, with blanks between groups of different amounts 
OLelLaditoaceivity. 

The plant samples from the shoot-root studies were 
ground in the Omnimixer or Polytron with 70% ethanol. Ground 
tissue was shaken for 3 hours and then centrifuged for 30 
minutes at 520g in graduated centrifuge tubes. Aliquots 
(1 or 2 ml) of supernatant were added to 15 ml of TEEPP 
fluor for Blaguia @ scintillation counting. The extraction 
efficiency of ‘*C-picloram from Canada thistle leaf tissue 
was 85.0 + 4.2% (sx). There was no determination of the 


'4C-activity remaining in the residue. 
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3.4.3 '*C-assimilates 

Radioactive assimilates produced when plants of Canada 
thistle photosynthesized in ‘'‘CO, were extracted with 70% 
ethanol. The extraction procedure was identical to that 
employed for the ‘‘*C-picloram treated shoot-root tissue 
Section 3.4.2) 

The amount of '*CO, photosynthesized by the plants was 
unknown and therefore no determination of extraction 
efficiency could be made. MacDonald (93) reported that 
Canada thistle plant residue that had been treated similarly 


contained negligible amounts of ‘‘C-activity. 


3.5 Liquid Scintillation Spectrometry 

ALL daguad scintillation counting was*perfzormed: at 15°C 
in a Searle Isocap 300 liquid scintillation spectrometer 
(Tracor Analytical Inc.; Des Plaines, Illinois). Bthanol 
extracts of foliage containing:  ehboropny!l |, aude tne 
red-brown pigments in water extracts of root tissue produced 
severe quenching (Figure 3 and 4). Chlorophyll quenching 
from ethanol extracts of plant tissue was too severe for 
samples to be counted with accuracy. Consequently, 
'4C-picloram-treated samples from the whole source-sink 
plant studies were combusted and not extracted. Quenching 
from leaf and root extracts of the shoot-root studies was 


minimized by the use of smaller aliquots of Supernatant. 
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20 40 60 80 
mg chlorophyll per 15 ml fluor 


Percentage reduction in. liquid scintillation 


counting efficiency due to chlorophyll 
quenching 
'xy 0.99 
& 
1 2 3 4 


ml root extract per 15 ml fluor 


Percentage reduction in liquid scintillation 
counting efficiency due to quenching from 
water-extracted Canada thistle root pigments 
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Quenching wasS corrected by the sample channels ratio 
(SCR) for all samples except the combusted ones. For these 
Samples the external standards channel ratio (ESR) was used. 
Different equations were developed by regression analysis 
Porsthe correction of quenching in each combinationsof ‘fluor 
and solvent (Table 1). The use of SCR and ESR values greater 
than 17300 waS not accurate for determining absolute 
activities. Samples with these values were recounted with 
reduced solvent. No samples were counted until chemi- 
luminescence fell below 5%. Counting was done for _ 10 
minutes or until the standard error of counting reached 


0.25%. Counting statistics were not determined. 


3.6 Field Experiment 

In 1979 a field experiment was initiated at the 
Ellerslie Research Station to test the effect of ethephon 
(2-chloroethylphosphonic acid) in combination with 
giyphosatemand dacamba (356-dichloro-o7anisiceacid) ior: «the 
control,.of Canada wthistlev.Fourn replicates ofa6.4deby 3.04m 
plots were laid out on a field heavily infested with Canada 
thistle. 

Treatments were applied with a  bicycle-type plot 
Sprayer on July 4 and July 18, 1979 when the thistle shoots 
were 30 cm (early bud) and 90 cm (pre-bloom) highs 
respectively. Treatments consisted of ethephon, dicamba, 


glyphosate and combinations of ethephon plus glyphosate or 
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Taple yi. Regression lines applied to liquid scintilla- 
CLON Count Gata aiinmeoracer. ‘to! correct for 
quenching in four combinations of fluor and 
solvent 

Fluor Solvent Regression Line 

Permafluor: none P=110.0 =» 87.14ESR) 

Carbosocb.) G2 -13)) 

Aquasol water P=89..6 — S50. G(SER) 

Toluene: 

2-ethoxyethanol: 

PPO: POPOP(TEEPP) ethanol P=85.4 - 40.0(SCR) 

6702330242052 

v/v/w/w) 

TEEPP benzene P=89.1 - 47.2(SCR) 


P = percent efficiency 


SCR = samples channels ratio 
ESR = external standards channel ratio 
PPO = 2,5-diphenyloxazole 


POPOP = 1,4-bis-2-(5-phenoxyloxazolyl)-benzene 


dicamba. The combinations were applied as a tank-mix or the 
ethephon was applied 14 days prior to _ the herbicide 
treatments. Details of the treatments and treatment rates 
are recorded under Section 4.10. 

To eliminate early annual weeds, the whole trial was 
oversprayed with 2 kg ai/ha paraquat (1,1'-dimethyl-4,4'-bi- 
pyridinium ion) on May 3, 1980. Due to the heavy Canada 
thistle infestation in some plots, the whole trial was 
oversprayed with 2.2 kg ai/ha glyphosate on July 6, 1980. 
Thistle counts were taken on September 22, 1979, June 30, 


1980 and May 30, 1981 (2m? quadrants counted per plot). 
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3.7 Statistical Analysis 

Experiment 3.3.1.1 (Absorption and translocation of 
'4C-glyphosate andaa “Gapraicrametrom ‘basal “andwitapicas 
leaves) and Experiment 3.3.3 (Retention of herbicide by 
lanolin rings) were initially arranged with five replicates. 
The herbicides were applied on different days and, 
therefore, in order to compare the results from each of the 
herbicide treatments, the experiments were analyzed as 
completely randomized experiments with 10 and 5 repeats for 
Expeniaments 3.351. 1)and 3.3.3, respectively. 

in Experiment Soeze spe WET rece. of. Ishootl -sizesson 
herbicide translocation into root tissue) the rates of 
gGlyphosate and picloram differed. In order to compare the 
translocation of these two herbicides, data were adjusted by 
uSing the total amount of herbicide recovered as a concomi- 
tant variable. Data were further adjusted to correct for 
negative values (151). 

Bor Experiment "4.5.15. eeibnanslocacion) of Non-radi1oac— 
tive chemicals past a petiole girdle) the number of leaves 
in the apex prior to herbicide treatement was used as_ the 
concomitant variable in performing an analysis of covariance 
and in adjusting the treatment means. 

The remaining experiments, including Experiments 
SGwe5.5 and Srs.l.5,. were ‘analyzed as’ randomized biock 
experiments. Deviation lines onl gal lorogranhs, sand) vail 
plus-minus values in tables refer to standard errors of the 


means. 
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4. RESULTS AND DISCUSSION 


4.1 The Absorption and Translocation of ‘‘*C-glyphosate and 
'*C-picloram from Basal and Apical Leaves 


The total recovery of **C=picloram «and ‘*C-glyphosate 
from plants treated on the apical or basal leaves varied 
according to the place of application, the herbicide applied 
and the number of days after treatment that the plants were 
analyzed. Up to 36% of the ‘'*C=glyphosate applied to the 
apex was not recovered (Table II). Comparatively, only 10% 
of the ‘'*C-picloram was not recovered. After basal leaf 
G@oeplication, » 392%. of "the, **C-gqlyphosate. - and (23% -of “the 
‘4C-picloram was not recovered. Although differences in 
recovery are evident from Table II (especially the lower 
recovery of glyphosate compared to picloram) only the 
interaction between day and herbicide was significant 
(p=0.01). This probably reflects the lower recovery of 
glyphosate on day 7 as well as a lower recovery of picloram 
on dGaysad@andse for which there) 1sino explanation.teFurther> 
more, the effect of using different methods for detecting 
'4C-activity, on the amounts recovered cannot be overlooked. 

The loss of '4C-herbicide following basal leaf 
application could be due to the translocation of herbicide 
to the unanalyzed roots. Results of Devine (38) indicate 
thatrasemuchstasimo20%) of 0Gthe vappliedy ghyphosatesican’ be 
translocated to the roots of Canada thistle. Roots were not 


analyzed for radioactivity in this study and therefore they 
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Table II. Total radioactivity (as % of applied dose) 
recovered from source-sink plant systems 
following "=C-pi1cLoram or '*C-glyphosate 


treatment to the apical or basal leaf. 
ESP tees. Gani ee! 


APPLICATION POINT 


Days Average of 
after Apical Basal Apical + Basal 
ERC s Pic Gly Pic Gly Pic Gly Dues 2 
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Harvest 
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could be a source of radioactivity loss. 

ranslocation of ige Bre ieee to the roots cannot 
account for the “*C-activity elost. after: apical application 
since very little activity was translocated basipetally 
after '‘C-herbicide treatment of the apex. Many theories 
have been proposed in order to explain losses of 
'4C-glyphosate in similar studies. Sandberg et al. (128) 
reported that up to 50% of the '‘C-glyphosate applied to 
excised leaves had disappeared within 25 days. It has _ been 


suggested that microbes on the leaves of treated plants may 
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be degrading '4C-glyphosate GON t4CO> “or “aStvetatirle 
metabolite (128,169). Studies by Schultz and Burnside (131) 
have shown that less than 0.5% of the applied ‘'‘*C-glyphosate 
was recovered in sodium hydroxide and ethylene glycol traps. 
They were able to account for all the '‘*C-activity applied 
EOVeche eplants and concluded that the amount of 
PeC-glyphosate lostto* 1*CO; "was negligible. 

Loss of labelled glyphosate as '*CO, could be species 
Or environment specific. Schultz and Burnside (131) also 
reported fowrecovery of 1) *CO7 frome’ *C=2544D* [ (2,4-dichtore- 
phenoxy)acetic acid] treated hemp dogbane. This is contrary 
to reports using bean where over 17% of the ‘'*C-labelled 
2,4-D was recovered as '‘CO, (161). 

The loss of labelled herbicide by root exudation has 
also been suggested. Schultz and Burnside (131) found up to 
15% of the applied '‘*C-glyphosate to be exuded from _ the 
roots of hemp dogbane, 12 days after treatment. This is 
eontrary*to other reports ’ofvless than’ 3% root*®exudattron 
(39738957): 84The Parce quantitys of “exuded? **#¢=glyphosate 
reported by Schultz and Burnside could be an artifact of the 
hydroponics system they employed. 

EE SESS Worthy 20£ Unotemthat™' *¢-picloram@iosses in plant 
studies have not been substantial (139). This is probably 
due to the resistance of picloram to microbe and plant 
degradation. 

The amount of '‘*C-glyphosate and '‘*C-picloram recovered 


in the washes of herbicide-treated basal and apical leaves 
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Significantly decreased over time (Figure 5). Most of this 
decrease was after the first day following treatment with 
little or no difference in the amount of herbicide detected 
in the leaf washes between days 3 and 7. 

The wash from the treated leaves of the apex contained 
considerably less radioactive picloram than the basal leaf 
wash. There was no difference in the amount of radioactivity 
recovered in the wash of the apex or basal leaves treated 
with glyphosate. 

The amount of '*C-glyphosate extracted from the apical 
leaves 1 day after treatment was 38% of the total applied 
(herguresc). Gin contrast, 60%, -Ofe the pDicloram swas found 
in the apex after the first day. Over the next 6 days, the 
average radioactivity found in the ‘'‘C-glyphosate-treated 
apical leaves increased by only 6% compared to 19% for 
picloram. Picloram appeared to be taken up by the _ basal 
leaves continually even after 7 days (Figure 7). For 
giypnosatie.~ the  '*Csactavity “found” in the’™ treated = teat 
decreased after day 1, although this decrease was not 
Significant. A decrease in the amount of '‘*C-herbicide found 
in treated basal leaves would be expected as the herbicide 
is translocated to the apex and stem tissues. 

The absorption of herbicide by leaves has been measured 
either by the amount of radioactivity remaining on treated 
leaves and recovered in solvent washes of the treated leaf 
surface (radioactivity not taken up by the leaf) or by the 


total amount of radioactivity found in the plant. Since the 
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translocation of herbicide to the roots was not monitored, 
there are no data representing total ‘*C-herbicide taken up 
by basal leaves. Data for '*C-herbicide taken up by apical 
leaves are available since there was no translocation of 
herbicides from the apical leaves into the roots (reported 
in Section 4.2). For the apical leaf treatments the absorp- 
tion of herbicides from the apical leaves as measured by the 
disappearance of radioactivity from the leaf washes (Figure 
S)eyore by) Wincreases Lin radicactivity in «theiplants-(total 
derived, frome Figuress6 and) 47) is» SimFlanes Substantial: 
increases in radioactivity recovered in the plants after 
1 day correspond to subStantial decreases in radioactivity 
recovered from apical leaf washes. 

In the following discussion the leaf wash data will be 
regarded aS a measure of herbicide absorption by the leaf. 
The difference in the amount of ‘'*C-picloram remaining on 
the basal leaves compared to the apical leaves has already 
been mentioned. If the higher disappearance of ‘'*C-picloram 
from apical leaf washes is attributable only toy tleat 
absorption and not to gaseous or microbial losses, then it 
appears that the age of the treated leaf plays a significant 
role in the amount of picloram absorbed. In contrast, there 
was no difference in the uptake of glyphosate by the young 
apical or mature basal leaves. 

Owing to less epicuticular waxes the cuticle of younger 
tissue will offer less resistance to herbicide uptake. 


Barlierpestudzesee (131,937) shaves shownesthat» leaf age issa 
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factor for the uptake of picloram and glyphosate. Schultz 
and Burnside (131) found a significant difference in the 
amount of ‘'*C-glyphosate absorbed by young and mature 
leaves. A lack of a Similar difference in this study may be 
due to the use of a different species and the use of 
different surfactants in the treatment solutions. A number 
of surfactants are required in order that a lethal quantity 
of the polar molecule of glyphosate is taken up by the 
treated leaves (167). A change in the types and combinations 
of these surfactants has resulted in significant changes in 
the leaf absorption of glyphosate (167). 

The lack of apparent glyphosate absorption by leaves 
after 3 days is in agreement with the results of other 
researchers (28,38,131). The degree of picloram absorption 
by leaves in this study 1s also comparable to that in other 
Studies. For Canada thistle and huisache, picloram absorp- 
tion by treated leaves had become negligible only after 10 
Gays oa 79ns9).. 

Concerning leaf absorption of herbicides, it should be 
noted that leaves became necrotic between 3 and 5 days 
following treatment with '‘*C-glyphosate. This could explain 
the lack of glyphosate absorption after 3 days. Leaves 
treated with picloram became chlorotic and only slightly 
necrotic within 7 days. 

After application toa basal leaf, '*C-glyphosate and 
'4C-picloram were readily translocated out of the leaf to 


the stem and apex. The amount of glyphosate in the stem 
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reached a maximum by day 3 and declined thereafter 
(Figure 8). This decline was probably due to the continued 
translocation of glyphosate to the plant apex. The decline 
in '*C-activity recovered from the stem supports the theory 
that glyphosate 1s not bound to vascular plant tissue in 
Significant quantities. 

Even though picloram uptake by the treated leaf 
Gonbinued until’ day 7; the accumulation of **C-picloram ~ in 
the stem had peaked on day 1 (Figure 8). Picloram did not 
attain levels greater than 2,000 dpm/g of fresh stem tissue 
(1% of applied dose). Glyphosate reached a significantly 
higher level of 4,000 dpm/g of fresh tissue at 3 days. It 
should be noted that ‘'‘C-picloram quantities in the stem did 
not change significantly, decrease or increase, over time. 
Bovey et al. (17) have reported that picloram accumulated in 
the stem of huisache. This retention may indicate that 
picloram has become bound to cell tissue and cannot be 
remobilized. 

The amount of glyphosate reaching the apical leaves 
after a basal leaf treatment was significantly more than the 
corresponding amount of picloram (Figure 9). Glyphosate 
accumulated in the apex to the extent of 15% of the applied 
dose. In comparison, a maximum of only 4% of the applied 
picloram was recovered from the apex. After 3 days there»was 
HO  Sidniticant change: on the total ‘amount of ““*C-activity 
found in the apex of plants treated with glyphosate or 


picloram. 
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When expressed as dpm/g of- fresh tissue, the 
'*C-activity in the apex after glyphosate treatment of the 
basal leaf was not significantly different over the 3 times 
of harvest although the difference between between the two 
herbicides was significant (Figure 10). The difference in 
total amount of '‘C-activity recovered from the apices was 
Significant over different times of harvest and between the 
two herbicides (Figure 9). This loss in significance when 
the data is expressed as dpm/g as compared to total 
Pac-acligity is actrabuted inepartato themvariabiuty in the 
fresh weights of the plant tissues. 

From the plants in Experiment 3.3.1.1 it was noted that 
the amount of '‘*C-picloram which did reach the apex of basal 
leaf treated plants did not cause any observable herbicidal 
affects to the apical leaves. In comparison, herbicidal 
activity in the form of chlorosis and necrosis of the leaves 
were present in the apex 3 days after the basal leaf had 
been treated with glyphosate. 

This experiment suggests that glyphosate is more mobile 
and accumulates in the apex to a greater extent than 
picloram. Although picloram was able to reach the apical 
leaves it appears that the amount able to reach these leaves 
from a basal leaf is limited. Picloram has been found to 
limit the translocation of assimilates (86,138) and may be 
limiting its own translocation in this study. The reported 


ability of picloram to cause phloem disruption leads one to 
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Figure 10. Dpm/gram of fresh apical leaves following a 
'*C-herbicide treatment of the basal leaf. 
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hypothesize that the reduced translocation of picloram in 
the phloem to the apex was due to phloem destruction by the 


herbicide itself. 


4.2 Basipetal Transport from the Apex 

Fromeexperiment S.3.le) at was found that siognaticantly 
more glyphosate than picloram was translocated into the stem 
and basal leaf below an apex treated with herbicide 
(Figure 11). Of the applied glyphosate, 10% was found in the 
stem tissue. This was Signicantly more than the 0.5% of 
applied picloram found in the stem. 

In Experiment 3.3.1.2 the stem intervening the apex and 
basal leaf was partitioned into three sections and therefore 
the extent to which '‘C-herbicide moved down the stem could 
be quantified. Except for the first stem section, the 
amounts of herbicide in the stem sections and the basal leaf 
were low (0.2% of applied dose for glyphosate, Table III). 
The total amounts translocated into the stem were similar to 
those found in Experiment 3.3.1.1 (Figure 11). In this 
study, 10.7% and 0.7% of the applied glyphosate and 
picloram, respectively, were found in the stem sections and 
basal leaf. 

The only significant difference in distribution of 
radioactivity between the two herbicides was the greater 
amount of glyphosate compared to the amount of picloram 


found in the first stem section and the basal leaf. For the 
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% of applied 14C 
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Pigure il.. Recovery of '*C-activity from ithe stem inter- 
vening a '*C-herbicide treated apex and a basal 
PGo roe X Dl won Serie 


Table III. Recovery of ‘'‘C-activity from stems and basal 
leaves following '‘C-herbicide treatment of 
apreal=leaves:s ®expt. 3.3. 1.2 


Means (%of applied dose) 


Glyphosate Picloram 
Apex 363572 VS8't, 8) A547 osu Oe. 4) 
Stem- 1 25 7'O CPO?) 2543 Pipeleg * 
Stem-2 734 Cees 164 O20.) 
Stem-3 930 0 $2\) 208 Gece 
Basal leaf 743 (CV 3) 97 COO) * 
Tota i 411089 (92.6) Lim. Horeca 


recovered 


* Significant difference between herbicide treatments at the 
5% level 
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other two stem sections the plants treated with glyphosate 
appeared to contain more '‘C-activity than the corresponding 
plants treated with picloram but these differences were not 
Signi cticanc. 

One explanation for the movement of glyphosate down a 
Stem could be that the treated apical leaves may have begun 
to export photosynthate. Glyphosate is slow to disrupt plant 
biochemical activity and plant structures, especially those 
involved with photosynthesis (20,123). Therefore, apical 
tissue would be capable of exporting photosynthate. Although 
these assimilates will be translocated predominantly to the 
younger apical leaves, no doubt some will be translocated 
basipetally. This theory for basipetal movement does not 
explain why '4C-glyphosate was found? sine) significant 
Quantities in only the first stem section. An alternative 
hypothesis is .that glyphosate is mobile in the stem in a 
direction opposite to the transpiration stream, even. when 


asSimilate transport is low. 


4.3 The Translocation of ‘*C-assimilates from a Basal Leaf 
Exposed to ‘' ‘CO, 


A substantial amount of ‘'*C-activity was recovered in 
the apex of plants in which a basal leaf was exposed to 
L4COlG*4 (Table “1V)% This®indicatés that %acropetalPtransioca= 
tion of assimilates was great in these plants. In addition, 
the presence of ‘'‘C-activity in the lower stem indicates 


that assimilates were able to move basipetally from the 
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Table IV. Distribution of ‘'‘*C-activity in Canada thistle 
following exposure of a mature leaf to ‘'‘CO, 
Czt000Tdpm) a, Expt.reee vies 


Days Apex Upper Stem Lower Stem Exposed Leaf 
1 688+84% 3054146 165258 633+246 
3 2804159 94+35 62+15 6614142 
7 466+141 98+46 49+22 410+170 
Avg. 478+84 65255 98+26 568+96 


* means + Standard error of the mean of 5 repeats 


basal leaf. Due to the unknown and variable amount of ‘'4CO, 
available to and assimilated by each plant, these results 
are qualitative only. No conclusions about differences in 
translocation over time can be drawn due to the variation in 
individual plant photosynthetic and translocation rates. 
Plant to plant variability due to different photosynthetic 
and translocation rates can also explain a great deal of the 
Variability found» in Experiment, 3.3.1.1 for the whole plant 


source-sink systems treated with herbicide. 


4.4 The Effect of Girdling on Acropetal and Basipetal 
Translocation 


Steam girdling the stem below the basal leaf did not 
ehange the distribution pattern of 'SCapiclorem aftrer<apical 
application (Table V). After application of '*C-picloram to 
the basal leaf and similar girdling, it appeared that the 
amount of ‘'‘C-picloram in the apex had increased (Table VI). 


An analysis of variance indicated that this increase was not 
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Table V. The effect of steam-girdling the stem below a 
basal leaf on the recovery of ‘*C-activity from 
source-sink plant systems 3 days following 
'*C-picloram treatment of the apical leaves. 
EXpt.3 3 te4 


Plant part Girdled Non-girdled 

Apex 350332 394504 
Total Stem 333 280 
dpm Leaf 57s 35 

Wash 2203 2937 

Apex 327705 161138 
Dpm/ Stem 294 64 
gram Leaf UCAS 16 
Table VI. The effect of steam-girdling the stem below the 


basal leaf on the recovery of ‘’*C-activity from 
source-sink plant systems 3 days after 
'4C-picloram treatment of the basal leaf. 
Expt. 93 .3<b.4 


Plant part Girdled Non-girdled 
Apex 17048 16505 
Total Stem 6124 4389 
dpm Leaf 4577:20 54076 
Wash 99191 30576 
Apex 12429 6989 
Dpm/ Stem 2534 1081 


gram Leaf 150694 esos Fi 
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Statistically significant (p=0805)., 

Stem girdling will prevent basipetal translocation to 
theryaroot) Sink. seAnyeincreaseawin Bthet.pool. of. henbicide 
available for translocation to the apex should result, and 
theoretically there would be an increase in the 
translocation of herbicide to the apical leaves. From this 
experiment it was not possible to detect any changes in the 
amount of picloram reaching the apex, after the root’ sink 


had been removed. 


4.5 Translocation of Non-radioactive Herbicides Past a 
Petiole Girdle 


Neither picloram nor glyphosate was able to pass a 
petiole girdle in phytotoxic quantities following 
application to a basal leaf whose petiole was girdled. This 
PeeInagicated by thes lack i -oL 97a. isignimicant diirerence in 
fresh or dry weights of apices from the untreated control 
plants compared to the apices from herbicide-treated plants 
with girdled leaf petioles (Table VII). In addition, there 
was no difference in the number of new leaves formed in the 
apex between herbicide-treated girdled plants and the 
untreated controls (Figure 12). 

Plants treated with herbicide and with intact petioles 
were significantly reduced in weight and had a_=e significant 
reduction in the number of leaves in the apex. In the case 
of plants treated with glyphosate and picloram, the 


emergence of new leaves stopped after 5 days. The plants 
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Taoleavil.; Fresh and dry weights of plant apices, 22 days 
after herbicide and girdling treatments to the 
basal (eat. sExptr-e3 3.15.5 


Fresh(q) Dry(q) 

Goneror od let 6.1 
Girdled BOG Sirle 
Contino! 

Picloram 00 O20 
Picloram ELST S 3.4 
girdled 

Glyphosate ie 4.1 
Glyphosate S30 4.8 
girdled 
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The appearance of new leaves in the apex fol- 
lowing herbicide and girdling treatments to the 
basal leaf. Expt. 3.3.1.5. The number of leaves 
in the apex prior to herbicide treatment was 
used as the concomitant variable in adjusting 
the treatment means. 
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treated with glyphosate subsequently died and- plants treated 
with picloram became greatly distorted, chlorotic and 
necrotic. 

Had the plants which were girdled and treated with 
herbicide been affected by the herbicide it would indicate 
that herbicide was able to by-pass the petiole girdle, 
probably via the xylem. This experiment was not sensitive 
enough to detect if small quantities of herbicide were able 
EO by-pass the ‘petiole girdle. It did show that normal 
herbicide translocation was impeded when phloem tissue was 


destroyed by girdling. 


4,6 Shoot-root Mutilation Studies Involving a Series of 
Doses of Glyphosate and Picloram 


After one day enough glyphosate was translocated froma 
young shooti—Ptreatediiwithtag0.5 mogdosezPintoythe rootsite 
cause the roots subsequently to die and rot (Table VIII). 
When higher doses were applied to the shoot and/or a longer 
time period was given in order for the translocation of 
Herbreide to occur from the shoot to the root, the roots 
also rotted. 

In contrast, picloram was not translocated from the 
treated shoots to the roots in quantities that were able to 
completely kill the root tissue. Even when herbicide from a 
5-mg dose of picloram was allowed to translocate into the 
root for 3 days, not enough picloram reached the root to 


Rute tvicompletely.@inmgchis latter case, 75% of the ‘root 
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Table VIII. The effect of time required for translocation 
and herbicide dose on the translocation of a 
lethal amount of picloram or glyphosate from 
the shoot to the roots of a shoot-root system. 
EXD tre, goes 0c 


Days of Herbicide Rate (mg/plant) 
Translocation Om> 1.0 ZrO era) 
Pic 1 ++t+ ++ + 
++ + + + 
Gly 1 +4++4+ - - 
3 - - - ~ 


++++ very healthy with new shoots, equivalent to 
untreated controls 
- dead and rotted root tissue 


tissue appeared healthy anda few new roots were evident. 
This experiment. i1lustrates, "quantitatively, the low 
apLLity = OL. prcloram co MOVE RPEOm asvVOUnG Shoot itor tne Toor. 
Glyphosate 1S very mobile in the same situation. 
4.7 Translocation of  Shoot-applied Herbicide into Root 
Tissue 

The translocation of “*C-picloram from a young shoot) to 
the adjoining lower stem and root sections was negligible 
(Table Ix}. The “maximum seamount “of (picloram that was 
translocated out of the treated shoot was 4390 dpm at hour 
2. After 2 hours, the amount of radioactivity recovered from 
the roots declined until hour 194 when only 50 dpm were 


found in the lower stem. 
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Table IX. The total amount of ‘‘C-activity recovered from 
the root sections and lower stem of a 
shoot-root system after ‘'‘C-picloram treatment 
of they shoots Expt .3.3.224 


Hours after) Treatment Mealetas > 

2 a3 Sih. 1160 

6 S360¥2 1525 

26 ZOC fe ted 6 

30 £68ut 1 el 36 

74 S02 te oe 

a8 133 2pte¢o90 

146 Zi Le eS 

194 52 oe 2 

ESD? 005 2867 

AtOiiinsts § -thesrgdecueases ovene, titieneihaed AGrpiclonram 
recovered from the roots would appear to be due to 


contamination of the plants harvested in the first 26 hours 
after treatment. However, there iS a steady decrease in 
recovered «/ *CGsactivity esbetweengli Z-pands.26- hoursayandy,«no 
'4C-activity was found in the roots after 26 hours (data not 
reported). These observations suggest that the contamination 
of the roots was not a problem. 

An explanation for these observations could be that 
44¢-picloramiwas initially,translocated into the: roots) at. a 
high rate. With time the '‘*C-picloram could have migrated 
from the root with the acropetally moving transpiration 
Stream. Gaudiel and Vanden Born (55) have reported that 


picloram is very mobile in the transpiration stream and is 
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able to transfer from the phloem to the xylem. This transfer 
to the transpiration stream does not answer why further 
Ecalts OCation Ora. Ca=ploloram= to ene OOts » d10 not, = OceclL. 
Some reports have noted that picloram will interfere with 
asSimilate translocation (86,138). The disruption of phloem 
tissue with hormone-induced growth and the subsequent 
interference of this growth with translocation of herbicide 
in the phloem is one possible reason for the lack of 
picloram translocation in this experiment. 

The basipetal translocation of '‘*C-glyphosate out of a 
treated young shoot into the lower stem and the three root 
sections of the same plant increased over the first 74 hours 
(Figure 13). Seventy-four hours after treatment, an average 
of 18000 dpm of '*C-glyphosate (4.5% of applied dose) could 
be recovered from the lower stem and root sections. The 
EOtal translocataon of) 1*C-glyphosate from the shoot did not 
change significantly after 74 hours. 

The accumulation of '‘*C-glyphosate in the lower stem 
reached a maximum by hour 30 (3800 dpm, Figure 14). 
Thereafter, the amount of '*C-glyphosate in the lower stem 
appeared to decline slightly. The root sections (RT1, RT2, 
RT3) accumulated ‘‘C-glyphosate up to hour 74 (4600 to 5300 
dpm, Figure 15). After hour 74 the amount of '‘*C-glyphosate 
in the POG tissues became variable, but did not 
Significantly change for any one root section. 

The increases in ‘'*C-activity in all tissues between 


hour 2 and hour 74 were fitted to linear equations by 
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Recovery of “*C-activity, over time, that has 
been translocated to the root sections’ and 
lower stem following treatment of the shoot 
with * “C-@dmonosate’. Expt. 3.3242 


pore Sie. (LesPweUy 


Sf 


38 30 


tad jtact2 Gi? Iev9~, 
bas enoitzeag, 200% * : 
goode odd to .2 sere |. 
2.8. £.£ , fa 


Figure 


14, 


Recovery 
over time 


Wie: 


146 194 


98 
hours after treatment 


74 


26 30 


266 


v o N = 


DO», 40 wdp OOO! x 


ot 


, 


'*C-activity from the lower stem, 
following treatment of the shoot 


Wath lei onoeate, sept, 40°94 21, 2 


a 
7 
i] 
——— a Ty FE 5 ET ee oe 


iv 


SD Pc ocr 4) 


$2.30 


W- 


— 


, meta sewal at max? Yow ; 
toode Ad, +697 


i a 
4 


7 


> +) ry 
‘wn ar cere 
i 7 : pis Pe 


} 7 - 


Figure 


eee 


= 
--" 
= 
-_ 
= 
Ceeerescecccccs 


ad 


= 
--" 
- 
-- 
-- 


Ww) + 


Recovery of 
sections, over 


74 


vt 
o 
— 
© 
wv 
- 
N o 
EF 
oe a 
u 
i w 
: S 
® 
= 
— 
4°) 
® 
} 
Pre) _~ 
om © 
as 
14) 
Y) 
_ 
a) 
2 
NS 
Oo 
oe] 
© 
N 
ie) 
N 
o N Br fo) 
Op, 40 wdp OOO! x 
PCractivity from the root 
time , following treatment of 


the shoot with 


PeC=Givpnosaites Expt. 34,0 020.2 


on 


adem 


oO 


JG07 
inenjsee 


to 


~ 
4 


ead’ 


F od yy 


> 


wo7? 
= ae 


ivottea. a a4 


wT 


Pig 


-regression analysis (Table xX). More than 80% of the 
variation in the data, except in the case of the lower stem 
tissue, could be explained through these regression lines. 
In each of the root segments, glyphosate accumulated at 
approximately 16 ng glyphosate (19 dpm) per hour (Table X). 

The '*C-activity remaining in the root tissues after 74 
hours was fairly constant at 0.056 mg glyphosate per root 
segment. This appears to be an equilibrium concentration for 
glyphosate in the root tissue. No root weights were taken, 
but by using an estimate of their fresh weight (1.2 g per 
6.7 cm root segment), this would be equivalent to 47 ng 
glyphosate pea emo Tor fresh ‘root.“eissue. Jt) was mot 
determined whether this concentration of glyphosate was 
lethal to themuroot. © Thee concentration, sol »giyphosate 
recovered from the root tissue was 150 times greater than 
the. jconcentravione of “picloram#that twas@lethakitoeroots tof 
huisache (17). 

Compared to glyphosate, picloram was very immobile in 
the same system. Since the stem tissue did not accumulate 
'#C-glyphosate to any extent, it would appear. that 
glyphosate does not bind extensively to vascular cells in 
the stem. The accumulation of '‘*C-glyphosate in the roots 
may be attributed to the storage nature of Canada thistle 
roots. Canada thistle roots are fleshy and possess a great 
deal i cofescortex. cand phloem tissue for carbohydrate 


storage (63). 
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Table X. Regression lines For the recovery of 
'*C-glyphosate between hours 2 and 74 from 
various sections of a shoot-root system 


Following treatment of the shoot. Expt. 3.3.2.2 


source Coefficient of # Regression Line ng_ gly 
of '*C Determination accumulated 
Stem 0.28 DPM = 42.6(HR)+64 10 

Brel 0.81 DPM = 73.8(HR)+179 ( 

RT 2 0.81 DPM = 70 .2(HR) +423 16 

Ries 0.83 DPM = 66.2(HR)+72 16 

Total 

Trans. 0.86 DPM = 241.8(HR)+1139 57 

from 

shoot 


4.8 Effect of Shoot Size on Herbicide Translocation into 
Root Tissue 


The amount of ‘'‘*C-herbicide translocated from _ the 
Shoots: of lpweeks (eairo 5 cm high) and) 4-week (6) tenets: “cm 
high) old plants to the root sections and lower stem was not 
significantly different (Figure 16). There was no difference 
in the quantity of radioactivity found in the tissue at the 
two times of harvest (days 3 and 9) and, therefore, the data 
in Figure 16 are pooled over the times of harvest. Only the 
interaction between shoot size and plant tissue and the 
three-way interaction of shoot size, herbicide and time were 
Significant (p=0.05). The two-way interaction is the result 
of more ‘*C-picloram being recovered from the lower stem and 


the RT1 and RT2 sections of the larger treated shoots’ than 
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Recovery “of “*C-activity translocated tothe 
root sections and lower stem following 
treatment of various Sized shoots with 
.4*C-givpnesare and. *C-picloram, Expt. s.3.2..4.« 
The total recovered radioactivity was used as 
the concomitant variable in adjusting treatment 
means. 
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from the small shoots, whereas less ‘'‘*C-picloram was 
recovered from the RT3 section of the large shoot than from 
the small shoot. The plant sections of the large and small 
'*C-glyphosate-treated shoots contained similar amounts of 
'*C-activity. There is no reasonable explanation as to why 
'*C-picloram would reach higher levels in the RT3 section of 
a small plant than a large plant. The higher amount of 
iaeapreloram, ‘found “in all thelplant ssections iof the flarger 
plamtsfitexcept forgeche RTS section; may stbe “due itoesgqreater 
translocation of ‘'‘*C-picloram to the roots from these larger 
shoots. Although statistical significance has been occluded, 
probably by plant to plant variability, more '‘*C-glyphosate 
than '*C-picloram was recovered from all plant sections 
(Figure 16). This illustrates again the greater mobility of 
glyphosate in the vascular system of this plant. 

Since the large and small shoots contained a wide range 
of shoot fresh weights, a correlation between the _ fresh 
weight of the above ground foliage and the total amount of 
'4C-herbicide translocated out of the treated shoot was 
computed. tThist@ecogrellatroni@wast insigificant;tn=s0c27eand 
r=0.24, for glyphosate and picloram treatments, respec- 
fivelyo Noe defi mite wconclusions )scould ibe tdeawn hiromvichis 
experiment on the effect of the size of the treated shoot on 
subsequent translocation of herbicide from the shoot to the 
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4.9 Retention of Herbicide by Lanolin Rings 

Lanolin: rings sretained <4.07 £90.64 and. 1.6 +°0.4% of the 
applied '*C-picloram and ‘*C-glyphosate respectively (Figure 
17). With time, the amount of glyphosate found in the 
lanolin appeared to decrease while the proportion of 
Ppicloram retained by the lanolin increased slightly. The 
Significantly greater amount of picloram retained by the 
lanolin could be a result of the more lipophilic properties 
inherent to picloram. Reported partition coefficients and 
water solubilites for glyphosate, picloram ~and other 
herbicides bable xi) 'confirm “the: “lWipophidie gnature -of 
picloram. 

The above results are in disagreement with those of 
Scomiltz ana Burnside \'ol),. who stacea that UUs OL the: 2, 4—-D 
and 57% of the glyphosate applied inside a lanolin ring on a 
glass slide was retained by the lanolin. Their value for 
glyphosate retained by lanolin is 36 times greater than that 
Found Sin thuss scudy. ischuiez and Boeroide did not analyze 
the lanolin for '*C-activity as was done in this experiment. 
Instead, they measured the amount of ‘'*C-activity recovered 
from washes of the lanolin. 

Schultz and Burnside (131) also claim that the lanolin 
reduced the amount of glyphosate and 2,4-D absorbed and 
subsequently translocated throughout plants of hemp dogbane. 
The effect of lanolin on the ultimate amount and phytotoxic 
activity of the herbicides in the plants was not tested in 


this study. Any such effect is likely to be due to the 
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picloram 


% of applied 14.C 


glyphosate 


0 1 3 7 
days after treatment 
Figure 17. Retention of '‘*C-herbicide by lanolin rings on 


leaves of Canada thistle 


Table XI. Reported partition coefficients Gi-oOcbanol, 
Water. and. water solubslitiaues for herbicides, 


Herbicide Partition Coefficient Water Solubilit 
(log P) ppmw (25 C) 
Atrazine Sia ae oP age 
gure acid PPR) bs S007." 
Diuron PW Rts Boo oe 
Glyphosate wk 8 Reet P2000 3S 
Picloram. acid ou ONS Re 231 = 


8 1 


physical presence of lanolin on the leaf. In light of the 
above results, lanolin is not likely to reduce herbicide 
phytotoxic activity by withholding the herbicide from leaf 


absorption. 


4.10 Ethephon Treatments in the Field 

In the host year after treatment ethephon 
Significantly reduced the number of thistle shoots when it 
waS applied 2 weeks prior to a half rate of glyphosate 
(Table XII). It did not affect the control of Canada thistle 
given by dicamba. The presence of ethephon in tank-mixes 
with glyphosate or dicamba did provide added thistle 
courhols A tank-mix of 24-DB [(2,4-dichiorophenoxy) butyric 
acid] and glyphosate did not add any control to that already 
obtained by glyphosate alone. 

Plants that were treated with ethephon alone became 
Stunted. Their buds appeared burned and most remained closed 
throughout the season. Although the number of shoots in the 
plots treated with ethephon was about half that of the 
Mntreaced control plot in the first fall, by the following 
Summer there was no difference between the ethephon 
treatment and the weedy control. 

The control attained by the dicamba treatment in the 
first summer was lost by the second summer. All treatments 
containing glyphosate continued to give good control through 
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Table XII. Control of Canada thistle by treatments of 
ethephon with dicamba or glyphosate in the 
freld.-Expts 376 


Treatment (kg/ha) Thistle Counts/m? 
Sept.22/79 June 30/80 May 30/81 


Ethephon(2.0) Pr ohease Vs) S13 a Segecd 
Glyphosate(1.2) sais te Sees ste Zr De 


Ethephon + 
glyphosate eo Cc LO. Seb 2uy..0ga 
60 12) 


Ethephon + 
glyphosate 
OZ2m0r ro 2) Degen (| CLEKE Me: ho .On a 
Eth. 2 wks 


pre gly. 
Dicamba(0.6) ae 28.8 a O20 a 


Ethephon + 
dicamba 20 238b 2483 a- se540d 
O20 +6.'6) 


Ethephon + 

dicamba 

C250 206) falc iteec 26.4 a O50 ad 
Eth.o2 wks 

pre dic. 


2. 4-DB + 
glyphosate 6, Otc Sm2 (be 6.20b0ed 
Coe ori) 


Weedy check 41.0 <a Sieve Ome £55 ed 
Means in the same column followed by the same letters are 


not significantly different at the 5 % level using Duncan's 
multiple range test 
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The lack of regrowth in the spring of 1981 illustrates 
the significant effect of the summer 1980 overspray of 
glyphosate. Those plots that were heavily infested and in 
the bloom stage at application time had the best results. 
The Geiqinal plots treated in 1979 with glyphosate were 
Sparsely infested when sprayed in the summer of 1980. The 
number of shoots present in these plots increased only 
moderately between 1980 and 1981. 

The dicamba/ethephon tank-mix was reported by Carson 
and Bandeen (22) to be the most efficient combination on the 
basis of the amount of herbicide recovered from the roots. 
This treatment was not very effective in the experiment 
reported here. 

Kossatz and O'Sullivan (79) have reported that 
tank-mixes of ethephon and amitrole (3-amino-S-triazole), 
Glypnosate sor 37 6-dichlorcopicolinic, sacid. did not) improve 
control over the herbicides used alone. They used a rate of 
ethephon equal to one quarter of that used in this study. 
The added control obtained in this study from ethephon may 
be due to the ability of ethephon to stimulate root bud 
activity. This enhanced root bud activity may then increase 
the sink activity and as ae result increase general 
translocation to the roots. Root bud activity was positively 
affected by ethephon in the greenhouse (24). The 
translocation of ethephon in tobacco is reported to be 
apoplastic (41) and, therefore, the ability of ethephon to 


reach the root buds is questionable. 
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The added herbicidal effect of ethephon may be due to 
decreased resistance of the leaf to herbicide absorption as 
opposed to ethephon increasing root bud activity. Ethephon 
breaks down to ethylene (100) which can cause senescence of 
foliage (ipi3,t05)2 "> “Senescencer@involves scells structure 
reduction and general tissue disruption (13) which could 
lead to more favourable circumstances for glyphosate 
absorption by the plant foliage and subsequent translocation 
throughout the plant. Carson and Bandeen (22) found 
increased leaf absorption of 2,4-D and dicamba in the 


presence of ethephon. 


4.11 General Discussion 

It waS anticipated that the use of the two plant 
systems reported in this study would reduce the 
plant —to-plant variability normally associated with 
perennial plant studies. Variability in the results obtained 
with the use of the whole plant source-sink system remained 
great. The source of variability was probably related to the 
different rates On photosynthesis and translocation 
characteristic of 6 to 8-week old plants. Variability in the 
shoot-root system was also evident. The results of the 
shoot-root system were not severely affected by 
variability, since there was such a great difference in the 
translocation phenomena of the two herbicides in it. The 


advantage of this system was that it required less time to 
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prepare and quenching was not a severe problem when 
anaiyzingy theigplanticextractss fornradioactivityaby diquia 
Scintillation spectrometry. The shoot-root system could be 
used in future research with various herbicides in order to 
test the effect of different environmental factors and plant 
growth regulator treatments on the ultimate transport of 
herbicides to plant roots. 

Glyphosate was notably more mobile than picloram in 
Canada thistle. The translocation of ‘'*C-glyphosate to the 
apex of plants from a basal leaf was significantly greater 
than that LOr Re€Cspictoram: Furthermore, glyphosate 
accumulated in greater quantities in the stem below a herb- 
icide-treated apex, and was translocated basipetally from a 
young shoot into the attached root system. Transport of the 
herbicides in the above instances is believed to be 
predominantly in the phloem. The transport of substances out 
of a green leaf into the stem is not known to occur in the 
xylem. The subsequent transport of substances from the stem 
to the apex may proceed via the xylem or phloem. In 
addition, the xylem has not been associated with basipetal 
transport of substances from apical leaves to the lower stem 
and roots. Therefore, the importance of the phloem to the 
transport of these herbicides is evident. 

The distribution of glyphosate and picloram in plants 
akten applicationtto ta@ibasabjcoleafiwasemsimilar, fbutrdithe 
relative amounts of herbicide transported were different. 


This was evident from the greater amount of glyphosate than 
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Ppicloram found in the apex. The properties inherent to 
gQlyphosate which allow it to translocate in the plant in 
QGreater quantities are obscure. These properties are 
undoubtedly related to the ability of glyphosate to traverse 
freely across the plasmalemma between the xylem and _ phloem 
and may also be related to the relative inability of 
glyphosate to inhibit its own translocation. 

The quantity of Picloram found in the roots after 
treatment of a young shoot was low and decreased with time. 
Glyphosate accumulated in the roots in quantities which 
later were able to kill the root tissue. The transport of 
herbicides to the roots via the symplast is known to occur. 
But in most reported cases this translocation occurs after 
the plant has matured, when assimilates are being translo- 
cated to the roots for winter storage. No report is known 
which cites the transport of Significant amounts of 
assimilate into the roots from a very young shoot. This 
lack of basipetal assimilate transport should also pertain 
to the shoot-root system used in this study. 

The fact that glyphosate was translocated to the roots 
when the roots were not likely acting as_ sinks POD 
assimilates iS a meaningful observation. Glyphosate may be 
reaching root tissue which is not acting as a strong sink. 
Controlling all plant tissue capable of plant regeneration 
is an important step towards excellent control of perennial 
weeds which possess extensive root systems. Parts of the 


root which are major sources of regeneration, yet are not 
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strong sinks for assimilates are dormant root buds. The 
control of root buds with herbicides such as glyphosate 
would greatly improve perennial weed control. 

Further research in search of the chemical properties 
required for herbicides to be translocated widely in plant 
tissue would assist in the successful use and development 
of herbicides in the future. The plant characteristics 
governing the strength of plant sinks and their ultimate 
Significance to the translocation of assimilates and 


herbicides in plants also deserve further study. 
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APPENDIX : Analysis of Variance Tables 


TableraAd. Analysis of variance of the recovery of 
'4C-activity from source-sink plant systems 
following '‘C-herbicide treatment of the apical 
On basal leat. Expo. 35. | 


source Dak. Mean Square 1a 

Application 1 1320 Csi) 
Herbicide 1 11880 Siete! 
Time (days) 2 850 0.42 

Je oe ast | 790 acts. 

A xT 2 50 Osh 
isioe ah 2 2030 5.08 ** 
Ji Oe Mey rd ab 2 40 0.10 
Error 10582 390 


** Significant at 1% level 
oon eden velost. from the error d.f.Jduestougmissing value 


favlewA2, Analysis of variance of the '*C-herbicide 
recovered in leaf washes of apical and basal 
leaf treated source-sink plants. Expt. 3.3.1.1 


Source I as Mean Square es 
Application 1 53, 550x009 0.64 
Herbicide 1 6526x702 OOS 
Time (days) 2 She Zoe: 4.58 
A x H 1 Se 20 x02 hOn2: 

i \io ead 2 Se-aoxu O26 
HexoT 2 O. 22x10? 0.09 
RixeHaxyT Z Sex toe 4.81 #** 
BLEoOr 106 ¢£ ex Oe 


kk Significant at 1% level 
te2hastt  lost®izom theserror d.£. due to missing values 
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Table A3. 


Source 


Herbicide 
Time(days) 
ie Wee eas 
Error 


Analysis of variance of 
from '*#C-herbicide 
ExpteG2e311.J 


Pe CoaCtivity 
treated 


Mean Square 


1 DoS 2ex Oe 
2 16.34x10° 
a 11.46x10°? 
& ae Sex On 


x Significant at 5% level 
xx Significant at 1% level 


Table A4. 


Source 


Herbicide 
Time(days) 
5 a maf 
Brror 


variance of the 
from ‘'‘C-herbicide 
EXDEseS «Sato 


Analysis’ of 
recovered 
leaves. 


Mean Square 


1 Ve Le 
2 30. 08x 10° 
2 She ae Ke et 
25s Dee om Oe 


** Significant at 1% level 


eee Cena 


Table A5. 


Source 


Herbicide 
Time (days) 
Piae tT 
Error 


eeeSPonificant at6ts 
lost from he ebror dit, 


eeroa. ls 


Analysis of 


recovered from stems following 


104 


recovered 
apices. 


z 
138.58 *% 


4.16 * 
Zane 


viC-activuty 
treated basal 


F 


0.26 
0.50 
14.36 **# 


lost from the error d.f. due to missing values 


Variance, of the °**C-activity 
'4Csherbicide 


treatments to a basal leaf. Expt. 3.3.1.1 
D.F. Mean Square Bi 
1 2 Orv 2 RO 3298 
2 2.09% KO Oa 
z re Coe kG 6.59 ** 
Shop es 0 Bex tO? 
level 


due to missing value 


Table A6é. 


Source 


Herbicide 
Time (days) 
Ee X eT. 
Error 


105 


Analysis of variance of ‘'‘*C-activity recovered 
from apices following ‘‘’C-herbicide treatment 
to a *basal lLeaftExpt. ses eres 
D.F. Mean Square sy 
1 Tee x Oe 6.88 *%* 
Z 6.89x10° 6.59 *% 
2 1 .S3x 10° 1.46 
SS: ck feO Ss US 


**x Significant at 1% level 


18 Wie de Henan 


Table Ay. 


Source 


Herbicide 
Time (days) 
moe xe 
Error 


lost from the error d.f. due to missing value 


Analysis of variance of the dpm/gram of fresh 


apex tissue following ‘‘C-herbicide treatment 
totatbasal “leafs cExpy 303.17. 1 
Deis Mean Square Et 
| Gia XO aan 
2 3.0 2510" 2205 
Z Ze eee? Pee 
56 1 4 PO? 


* Significant at 5% level 


Table A8. 


Source 


Replicates 
Herbicide 
Tissue 

rm ox TT 
Error 


Analysis of variance of the 


ifGsachuivi ty 


recovered in various plant tissues (excluding 
the apex) after a ‘'‘C-herbicide treatment to 
the) apex. Expt.. 3'.3, 12 
Dok. Mean Square E 
4 3, D0x1C* ae hS 
1 T2eSOR 1G. Te oe 
3 ISS UF 1.24 
3 10. 98x 10% 3.80 * 
28 


* Significant at 5% level 


Table AQ. 


Source 


Replicates 
Girdling 
BrKVor 


Table A110. 


Source 


Replicates 
Girdling 
BYrror 


Table All. 


Source 


Replicates 
Time 


Root tissue 


jhe aay o4 
Brror 


106 


Analysis of variance of the effect of 
the the 


girdling 
stem below a basal leaf on basipetal 


translocation of ‘'*C-picloram from an apex. 
Expii 3 Sau. 4 
DLE. Mean Square se 
4 PPPs oy 4h Od 0.07 
1 Pe20x 10° 0.04 


34 Say. OU Xi 


Analysis of variance of the effect of steam 
girdling the stem below a basal leaf on _ the 
recovery of ‘‘C-activity from source-sink plant 
systems 3 days following ‘'‘*C-picloram treatment 


of the apical leaves. Expt. 3.3.1.4 


Dink. Mean Square E 
4 On 2x 1a 0.24 
1 D. Cox 07 Oat 6 
34 44,78x10° 


Analysis of variance of the ‘'‘*C-glyphosate 
recovered from the root sections and lower stem 
of a shoot-root system following treatment of 


THEPsSnoot, 2hX pcs. 3.454 
DE Mean Square Ly 
3 ae aa he Zo 
fi 48.18x10° 24.01 #¥% 
3 Set) 6h Ue 4,54 *x 
on Cio male 1.42 
oe 2 Oat es 


Ke SitONVviiucantaat cts ever 


Table A112. 


Source 


Replicates 

Root tissue 
Time (days) 

Reka 

BEEOL 


107 


Analysis of variance of the ‘'‘C-glyphosate 
recovered from the root tissue sections of a 
shoot-root system following treatment of the 
SHOOUVVEXpPt. 3¥3 sez 


D.F. Mean Square FE 

3 Ze UGK OS Oo 

2 O27 3xd0% dees 

7 49.72x10° Pa A eM 
14 O45x 10 * Ora2 
69 Zier 


** Significant at 1% level 


Table Al3, 


Source 
Replicates 


Time (days) 
Error 


Table Al4. 


Source 


Replicates 
Time (days) 
Error 


Analysis of variance of the total '‘*C-picloram 
recovered from a_ shoot-root system after 
treatment of the shoot. Expt. 3.3.2.2 


D.F. Mean Square F. 
3 ke 4ax 16? Pe 
D PSV Aa A AN i 0.48 
21 4.61x10° 
Analysis of variance of the total 
‘*C-glyphosate recovered from a shoot-root 
system after treatment of the shoot. 


EXD Ce) oieiie ee 


Diba. Mean Square y 
% Zea x LO ® 0.34 
7 7.44x10° atg 
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Table A15. Analysis of variance of values for ‘'‘*C-herbi- 
cide recovered from root sections of different 
sized shoot-root systems following treatment to 
the shoot (excluding the treated shoot). 
Expt. 3.3.2.3. Values were adjusted by covari- 
ance using the total recovered radioactivity as 
the concomitant variable. 


source DoE. Mean Square 

Replicates a 3. GG x0 tae Oy! 
Size | 0.48x10° 0.03 
Herbicide 1 16.84x10° heoce, T 
Time (days) 1 Or Oso: G64 
Plant tissue 3 Oe EO CON 

Sy oe al | 2.Gr, Siler Ox® 1.60 
Sees. es 1 9. 16 mOS OES 
Sx P 3 5.44x10° ae SyS: 
BepcaT 1 165.5450 TO" C93 

H x P 3 EZ apr Oe Bier: 
— xAP 3 Sia epg {HO te abs 
Sox Axe’ 1 leh eo an” S seloux& 
Sex Hox) P 3 2S 2 xr si0” ies 
kal cixeoe s OG (x0, Oe 25 
Sexe Te xe & 3 ipo ero O55 

Se rHiek eh ex oP 3 AIG KO's 45 
Brror 102 Sr ara kal O'S 


* Significant at 5% level 
+ Tested against a composite error (HT + SHT) 


Table Al6é. 


Source 


Replicates 
Size 
Herbicide 
Tissue 
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Analysis of variance of values for ‘‘’C-herbi- 
cide recovered from root sections and the lower 
stem of different sized shoot-root systems 
following treatment of the shoot (days pooled). 
Expt. 3.3.2.3. Values were adjusted by covari- 
ance using the total recovered radioactivity as 
the concomitant variable. 


Dak. Mean Square Ei 

2 5.00x10° 1.02 

1 3.64x10° Os t2 

1 Ze 7 KO 0.08 

3 Oost xe 0.02 

1 30.74x10% 6.68 * 

6 5.44x10° eae: 

S EZel EXEL Oe Zi OS 

& Cee Rin. Veo 
104 4.60x10° 


teoVGn icant wats se evel 


aD Le MAsies< 


Source 


Herbicide 
Time (days) 
Pik, oy 
Error 


Analysis of 


Variance ‘of, the, **¢C-herbicide 


retained by lanolin. Expt. 3.3.3 


DSBs Mean oguare EB 
1 140.14x10° 26.88 ** 
Zz Oise X10" 0.14 
2 UB Syne CIO 2226 
Ze Brac) kel O- 


Ee SIONITicantvar inAylevel 
teero.t. (OStVrromecnereuron sca. n. duertoO.missing Values 


- } J eee 
we “a tahe 
he TSC De Lis A 
. ee HE 4 
Ay P 
it 
4 
’ 
ih 
= oe? 
{ 
} 7; 
y 
a 
i” 
i vow) 
aaa 
: a 


a8 fe F i 7 
\ ase 4 4 
& ; 
‘ i 


vai 


mer 
‘a ‘bites i So tc 
s 4 ate 


nant 


hi ee Danes 
ce 


; 


if 
7 Ph ary - 
1 , / $; ri 
A 7 PRO 
a, eo rr i. , 
} a 
2 ae > i 7 
yer ar 
ih 
cron i 
Ny 


i: v 
en en 
aA on a 
7 ‘head va : y an ~ 
| re pet ie 
| ae vi Vn 


5, a an 


" 5 
ie 
) 

‘ 


Set ‘cn vi at ly. 


: 


Me 
a 


: 
6 


ea 


A 
_ 


Se pena 


Gieel gmeswan ig 
SD SAS a 


pear eects 


ROR AR Men 


phew 
Sum mlumiiat. 


ES aT eS 
PEM wes 


Shi PEAS lets mat ny AA Sarin, 
8 oe sre iberdem 


sition 
sp z ae spe . iin 7 eres loser: 


NED on 

teNir merges. 

= - ApS ENGR edna 
PA eV SIN a gp , 


rege tees chet 
es 


Siete tant 


sBAg ensign ee ee SE nucie: é g : — os : ; maar Eten: Bae : Sere pao, on : Sora ‘ srandewraegawiong oe ot 
NP Ry rng : : : g he acieenineainoiinn 


ibe ee 


brite 
NaHS a # 
percep 


Sir sie 


Ein aye 
EC brew pe 
BM ipei et : siete 
A Seon L Senne uae f PUM GMipr tice, 
aes mee Ss : ¥ : g Bas 5 % erties ‘ Sore i Z 2 
ye peeee i i mye pli Aieonone yaa ee ~ e Dine wise ie oe si 5 ae N bats’ — : a Se 
eae tals BO et is é Sera = f ? - . Z: Sie eae a ; - “ " = . “ ¥ : * Y ERE es 
iMRI Sy “ek Sree aes 7 one 40 ji s Sane ater : eS “ : Goce. 
Teas J - - seit) oat eee 


Weta 
EAST moa i 


